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PAITOON NGAMMUK: An intervention of Safety chemical program to reduce occupational exposure and impro

health among BMA Vector Control Operators. ADVISOR: DR.ROBERT S. CHAPMAN, M.D., 174 pp.

Objective: 1) To assess the current occupational chemicals exposure and the relationship of the between worker
health condition and their exposure from spraying chemicals among Vector Control Operators (VCOs)in Bangkok, Thailand: 2)

determine the effectiveness of a chemical safety intervention program designed to increase chemical behavior safety score, redut

occupational chemical exposure, health symptoms prevalence, and spirometric lung function impairment.

Methods: A quasi-experimental study was conducted in six Bangkok areas among 96 male operators with two follo
ups time by measured every six months. The operators were divided into two groups: the intervention group received interventio
and the control did not. General information of participants including personal behavior, environmental working condition ar
health symptoms were collected through face to face by using valid questionnaires. Exposure to cypermethrin, benzene and toluer
were collected by using personal solid sorbent sampling during the time of chemical spraying by NIOSH method. Urine sampl
were collected to evaluate biological exposure as pollutant metabolite levels. The data were analyzed by using descriptive statisti
and multiple logistic regressions for test association. Overall intervention effects were assessed by repeated-measure analysis |
variance (ANOVA). Linear mixed models (continuous outcomes), and generalized linear models with generalized estimatir
equations (GEE) (dichotomous outcomes) were used to measure and assess intervention effects at specific follow-up times (follo\

up 1 and follow-up 2).

Results: Average participant age was 41.76+10.21 years (mean + SD). The exposure level of benzene was 0.120+0.¢
mg/m?® or 0.37+0.26 ppm, a figure greater than National Institute for Occupational Safety and Health (NIOSH) recommendatiol
(NIOSH REL)Ca TWA 0.1 ppm. The results demonstrated that facial irritation, blurred vision, fatigue, and nausea were significant
associated with airborne, biomarkers. Irregular use of personal protective equipment (PPE), especially when spraying indoors (O
146, C1 0.52-4.67, p<0.05), and poor use of PPE among operators may increase health risks (OR 6.08, Cl 1.61 22.9, p<0.05). At tl

baseline measure, both groups had similar sociodemographic characteristics, personal habits, and environmental workir

conditions. After the intervention program, the intervention group had effectively reduced difference means occupational exposu
for 3-phenoxybenzoic acid (3-PBA), trans, trans-muconic acid (tt-MA) and o-cresol. For effectiveness of intervention to redu

symptoms prevalence and chemical safety score, there were also high statistically significant differences between the groups

follow-ups 1 and 2, particularly had reduced eye and facial symptoms (facial burning, paresthesia, blurred visiony, skin sympton
rashvitchy skinyat during working and after working. However, this intervention was not associated with a beneficial effect on lur

function.

Conclusion: The findings suggest that the introduction and implementation of chemical safety programs could reduc

biological exposure, symptoms prevalence and improve chemical safety behavior among VCOs that lead to prevent heal

symptoms due to chemical exposure. Further research is required to explain the findings regarding lung function.
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CHAPTER |

INTRODUCTION

This chapter introduces the issue of vector control operators exposure to

chemical in Thailand and other countries. This text outlines the objectives, research

questions, conceptual framework, operational terms, and expected outcome of this

study.

1.1 Background & Rationale

Vector- borne diseases are a significant health concern for human
populations in many countries The World Health Organization (WHO)(Organization,
2004) has estimated around 17+ of the global burden of infection disease are due to
vector-borne diseases. While vector control operators(VCOs) play an important role in
managing vector-borne disease programs, they are at-risk for occupational diseases
caused by pesticide and chemical exposure.

Cypermethrin is a synthetic pyrethroid insecticide. It was first
synthesized in 1974 (WHO, 1989) and has been widely used in agriculture, textile,
industrial, and public health industries. Particularly in public health sector, this
insecticide has been widely used to control mosquitoes in residential environments.
Pyrethriods are divided in two types: type 1 works by poisoning via inactivation of
sodium channels in the peripheral and central nervous systems (CNSs) to induce

repetitive firing of action potentials, while type 2 works by holding the sodium channels

open so that the membrane becomes depolarized to a point where generation of action



potentials is no longer be possible. The United States Environment Protection Agency
(U.S. EPA) originally classified cypermethrin as a possible group C) human carcinogen
due to limited evidence that it causes cancer in animals (EPA). 1989 ; (Cantalamessa,
1993). USEPA later re-evaluated cypermethrin and classified it as having, “Suggestive

evidence of carcinogenicity but not sufficient to assess human carcinogenic

potential~.(United States Environmental Protection Agency.(US EPA), 2004) Scientific

evidence reports that pyrethroids exposure, including exposure to cypermethrin, can

cause reduction in semen quality and increased sperm DNA damage in humans(Meeker,
2008). Upon exposure, cypermethrin enters the body primarily by inhalation and

ingestion of particulate matter and spray mist, though there may also be some

absorption through the skin. Humans excrete cypermethrin rapidly however, ridding
themselves of around 49+ to 78+ within 24 hours after exposure(Organization(WHO),
1997). Cypermethrin is rapidly detoxified in the blood and liver to an inactive
component, so the acute toxicity to human is thought to be limited.(Ray, 2000) Several

research articles based on occupational studies have shown that acute exposure may

result in dizziness, nausea, loss of appetite, and fatigue.(Singleton et al., 2014) After

direct exposure at a high dose concentration, symptoms may include are paresthesia of
eyes, face, and breasts, asthmatic breathing, palpitations, headache, anxiety,

hyperactivity, tremors, involuntary movement, chronic seizures and confusion. After

ingestion or inhalation, exposure is shown to cause an itching and burning

sensationSafety, 1989c).

The most common method of adult mosquito control is spraying by a

thermal fog machine. The process requires a very small amount of the pesticide, in a
range 1-50 um, to be mixed with fuel oil diesel fuel) using thermal energy in combustion
chamber. This mixture is then sprayed into the air as a fine, visible fog cloud which
floats on air currents and kills mosquitoes with which it comes into contact. Previous

studies show no evidence of quantitative human exposure following spraying for West

Nile ViruscWNV), as there was no increase in urine concentration of the metabolite



permethrin or d-phenothrin after spraying when compared with baseline. This indicates

a low environmental stability and poor skin absorption, though human exposures occur
commonly(CDHS), 2005a).

While cypermethrin appears to be relatively safe, diesel fuel, a carrier
for thermal fogging agents, creates a thick smoke and has a strong smell, which may

lead a community to reject use(Organization(\WHO), 2009). Diesel fuel is a complex
hydrocarbon, containing polyaromatic hydrocarbons such as benzenes. The
International Agency for Research on Cancer (IARC) has classified diesel exhaust as
carcinogenic (Group 1) to humans(Cancer(IARC), 2012). Petroleum distillate may
«produce eye, skin, and respiratory irritation, and symptoms of CNS depression, such
as headache, dizziness, nausea, and vomiting-(«(CDHS), 2005a)

In 2013, a pilot study of an Occupational Health and Safety Program in
109 vector control operators was conducted by Environmental Sanitation Section,
Health Department, BMA. The results showed that 30.2% of participants had training on

the usage of proper personal protective equipment (PPE), 18.3+ were read the pesticide
labels to get health hazard information, and 69 of spray-operators never drank, ate, or
smoked while spraying. Operators reported symptoms of dizziness (25.8%), nausea
(12.9%), fatigue (34.4%), headache (33.6%), and difficult breathing (34.4+). In addition, 54

volunteer mosquito control sprayers of the Royal Thai Army developed health

symptoms after exposure to pesticides including upper respiratory issues (75%),
dizziness and nausea (59%), headache (37.5), shortness of breath (18.8%), chest tightness
(12.5%), and hand and face numbness (3.1%)(Kongtip, 2013). These results conform to
several previous studies. In a cross-sectional study of 1,102 farmers in Australia, up to
409 of farmers did not use PPE routinely when handling pesticides(MacFarlane, Carey,
Keegel, El-Zaemay, & Fritschiy. Vector control operators often use improper PPE
(Karunamoorthi, 2012). Mosquito control sprayers should use protective clothing made

of plastic, nylon, or polyester to protect skin from pesticide contact(Kongtip, 2013).



Pesticide safety training programs on use of PPE and safe pesticide
handling are important and essential interventions for reducing the health hazards of

pesticide exposure in occupational settings. These programs could be used effectively
to control respiratory disease(Ye, 2003). Participants who reported wearing gloves saw

a reduction in the harmful effects of pesticides, and those who received pesticide safety

training had a higher use PPE, like gloves (Levesque, 2012). (Perry & Layde, 2003)

found pesticide safety training which involves education on perceived risks, knowledge

of risks, understanding of susceptibility of exposure, self-efficacy, and skills training
can increase the use of PPE among pesticide applicators and farmers.

Previous studies show the intervention program has been used successfully in

other areas of health concern, indicating it will fit well into a pesticide PPE program.

However, few studies were found that used the health belief model in workplace or

occupational health interventions(Janz, 2002). Few studies on chemical exposure
(BTEX)among vector control operators, especially biological exposure index, were also
discovered. This study will propose an integration of intervention program with
chemical hazard education to train vector control operators. The information gained

from this study will be useful to public health technical staff for establishing pesticide
safety training programs to reduce or prevent chemical exposure in vector control

operators.

1.2 Research question

1.2.1 What is the effectiveness of safety chemical program to reduce the operators'

spraying-related chemical exposure, health symptom, lung function impairment

and to improve safety behavior of pesticide use among Bangkok vector control
operators?
1.2.2 What is the current exposure to diesel exhaust and cypermethrin, as measured

by daily duration of spraying?



1.2.3 What is the current relationship (before intervention) of the operators' health

situation with their occupational chemical exposure from spraying?
1.3 Research objectives
1.3.1 General objectives

To determine the effectiveness of safety chemical program to increase
safety behavior score, to reduce occupational exposure and improve health among
vector control operators in Bangkok, Thailand

1.3.2 Specific objectives

1221 To access a situation of cypermethrin, benzene and toluene
exposure among vector control operators in Bangkok.

1222 To investigate occupational risk factors associate with health
workers symptom.

1.2.2.3 To determine the effectiveness of safety chemical program using
the integrate health belief model among vector control operators in Bangkok, Thailand
by:

e Compare biological exposure index ( BEl  of

cypermethrin, benzene and toluene concentration before and after intervention program
among intervention and control group.

e Compare health prevalence symptoms before and after
intervention program among intervention and control group.

e Compare pulmonary function test ( FVC, FEVq,
FVC/FEV1, MMEF, FET and PEF before and after intervention program among
intervention and control group

e Compare safety behavior score of pesticide use before
and after intervention program among intervention and control group

1.4 Research hypotheses

141 There is association between occupational risk factors and health

symptoms operators
1.4.2 There is difference of cypermethrin, benzene and toluene exposure of

vector control operators between intervention and control group.



1.4.3

There is difference of health symptoms of vector control operators

between intervention and control group.

144

There is difference of pulmonary function of vector control operators

between intervention and control group.

1.4.5

There is difference of safety behavior of vector control operators

between intervention and control group.

1.5 Conceptual framework

Independent variable

Socio-Demographic Factors
-Age
-Education

Cue to action
-Medical

surveillance
-Provide PPE

-Booklets
-Training

Dependent variable

Personal Factors about
OHS
-Health status

U

Working Environmental
Factors
-Working characteristic

-Equipment, tools use

-Operating procedure

-Personal protective

equipment

-Duration and frequency
exposure

-Benzene, Toluene and

Cypermethrin concentration

exposure

-Weather seasons

Treatment
group
Chemicat safety
Proaram

Safety behavior
-PPE wearing increasing

-Good hygiene
-Pesticide safety practice

=

Biological exposure indices (BEls)
-Tran,tran-muconic acid (Benzene)
-3 Phenoxybenzoic acidCypermethrin)

Control group
No intervention

1.6 Operational definitions

Symptoms (Respiratory - cough, phlegm,
wheeze, shortness of breath), dizziness,

drowsiness, headache, eye, skin, throat
irritation, Fatigue, Nausea

Pulmonary function (FVC,FEV1, FVC/FEV1
MMEF,FET and PEF

1.6.1 Occupational exposure is referred to pesticide (Cypermethrin) and

diesel (Benzene) exposure while the vector control operators (VCO) are

spraying pesticide to kill adult mosquito.
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1.6.3

1.6.4

1.6.5

1.6.6

1.6.7

1.6.8

Improve health is referred to improve health symptom and lung
function impairment which relate spraying occupational exposure.
Vector control operators(VCO) is defined person who employees of
Bangkok Metropolitan Administration(BMA) which work carry out mosquito
control. Pesticide in this study mean liquid of cypermethrin formulation is
mixing with diesel fuel in formulation ratio 1: 50

Thermal fog machine spraying refers to spraying with machine to
generate a fog droplet 5-50 microns in diameter to kill adult mosquito.

Exposure, occupational and environmental exposure is defined as the
process of contact at a boundary between human and the environment
with a contaminant of specific concentration for the interval time
Exposure pathways is referred to as the process which a pollutants
exists from the source of chemical or agent to human bodies exposure
Exposure route is referred to as the way of harmful environmental
condition factors such as chemical, biological, physical agent enters to

human bodies.

Dose is referred as <the amount of a pollutant that may enter the body
is usually only part of the exposure and is referred to as the dose». Dose
can divided three term are absorbed dosecnternal dose),target organ

dose and biological effect dose

- Absorbed dosecnternal dose) is referred as «the amount of an
agent that can passes into a tissue or organ over the time~
- Target organ dose is referred as «the integrated concentration

of the agent in the target organ, that is the organ where the

particular agent may cause an adverse health effect~
-Biological effect dose is referred as -the intergraded quantity
after subtraction of non-contributing fraction of dose or

biotransformed proportion of substance that may cause an

adverse health effect~



1.7 Benefit and outcome of this study

1. Results of this study will be known health hazard and proper measures to

reduction chemical exposure in vector control operators.

2. Health department of Bangkok Metropolitan Administration will be receiving
knowledge body to improving working condition and setting occupational
health and safety policy and guideline for prevent and control occupational

health disease of vector control operators.

3. Results of this project, we are expected to benefit Health Department, BMA
seeking more effective procedure to improve occupational health and safety

management in other operators who expose similar chemical exposure.



CHAPTER Il

LETERATURE REVIEW

2.1 Chemical occupational exposure in spraying vector control operators

problem

Pesticide is widely used for chemical control method in agriculture and

vectors-born disease such as malaria, dengue, hemorrhagic feverJeyaratnam, 1990). Nation
and (FAO) (1989) defines a pesticides as « any substance or mixture of substances

intended for preventing, destroying or controlling any pest, including vectors of human
or disease, unwanted species of plant or animal causing harm during or otherwise
interfering with products or animal feed stuff or which may be administered to animals

for the controls for insects, arachnids for other pest in or on their bodies” (p23). WHO
state that “vector-born disease is among the causes of illness and death in the South-East
Asia Region,, the WHO survey report of global insecticide uses for vector-born disease
control showed more than 3200 metric tons of DDT (80« of global used pesticides), 225

metric tons of active intergradient of organophosphates and 30 metric tons active

intergradient of pyrethroid have been used for vector-born disease control in the South-
East Asia counties 2006-2007(WHO,2009)
Almost all of pesticides use in Thailand were imported. In 2012, the

Office of Agriculture Economics, Department of Agriculture, Thailand reported that
the quantity of importing pesticides between 2008 to 2012 were around 1328 metric

tonsOffice of Agriculture Economics, 2014). Over this period, the three most frequently

used pesticides in Thailand were insecticides, herbicides and fungicides respectively

which have increased rapidly over the past five years present in Figure 2.1
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Figure 2.1 The quantity of pesticide imports to Thailand between 2008-2012

In developing counties, pesticide poisoning is a serious public health

problem (Xue,1987; Jeyaratnm,1990) and lead to more deaths than infectious diseases.

WHO estimated around 20,000 workers in developing counties die from pesticides

exposure every year (Pimental, 1992);(Kishi, 1995). One of the main problem of
pesticides poisoning of workers is Acute Pesticides Poisoning (APP), WHO estimated
of occupational APP in Central America (Belize, Costa Rica, EISavador, Guatemala,
Honduras, Nicaragua and Panama) , 180 cases per 100,000 population in Sri Lanka
(Eddleston et al ., 2006)and about 20 cases per 100,000 population(WHO,2002),about
17.8 cases per 100,000 population in Thailand respectively (Thai Food and Drug
Administration., 2003).
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Furthermore, pesticide poisoning among farmer and occupational

workers is very important public health problem.e.al, 2006). In United states, Calvert

and coworkers have reported 18 cases related with occupational pesticides exposure,
there were more than 100,000 workers which related pesticides exposure

iliness.(Calvert, 2004).In Thailand, Bureau of Epidemiology, Department of Disease

control, Ministry of Public Health has reported the situation and health effects related
pesticides exposure between 2003 to 2012, The Figure 2 showed the total number of
patients around 17,340 case, the average patients per year were 1,734 cases and the

morbidity rate 2.35 cases per 100,000 population which trend have slightly decrease

over the past decade(Department of Disease control, 2013).

4.00
BRI~ >

3.00 » / \
2.50 N\ - .
2.00 - *— -
1.50 -
1.00
0.50

Rate per 100,000 pop.

DYOU I I T T I 1

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: Department of Disease control, Ministry of Public Health (2013)

Figure 2.2 Prevalence rate of pesticides exposure between 2003 to 2012
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2.2 Diesel fuel hazard

Chemical control is essential method to reduce populations of vector

born species (Matthews, 2011). The most common method for adult mosquito control

is used thermal fog spraying, this process generates very small of pesticide which mix

with fuel oil (diesel fuel). Then spray pesticide into the air as a fine mist of droplets
which float on the air currents and kill mosquitoes that come into contact with them.

Diesel fuel has been use as a carrier for thermal fogging agent, but it creates thick

smoke, has strong smell, which may lead to community to reject it use. \WHO,2009)

Diesel fuel is a complex mixture of hydrocarbon which the components

distill from petroleum crude oil process (ATSDR, 1995). U.S. Department of Health and

Human Services reported that the component of diesel fuel contains several health

hazard or toxic substance such as benzene, toluene, ethylbenzene, and xylenes (known
as “BTEX~ compounds (ATSDR, 2010). Many research institute have determined that
benzene is a human carcinogen (The Department of Health and Human Services,2010;
(ATSDR,2010). Diesel vapors and also gasoline vapor exposure that can lead to irritate
eyes, nose, throat and lungs. Over short-term exposure can lead to dizziness, loss of
coordination, headaches, nausea, asphyxiation and lung damage (Lagorio S, 2009)&
(Peters S, 2013). Moreover, excessive skin exposure of diesel fuel can cause irritate the
skin and can lead to redness, pain and chemical burn blisters.

Many researchers study BTEX occupational exposure. Rezazadeh and

coworker conducted occupational exposure of petroleum depot workers to BTEX
compounds, the results found that the gasoline loading operators were exposed to

relatively high level of benzene 0.16 to 1.63 ppm (RezazadehAzari, 2012). In gasoline

station, workers who exposure BTEX compounds would increase the risk of cancer

(Tunsaringkarn, 2012).Worker who exposed pyrethroid pesticides with petroleum oil,
the results showed OR = 1.26, 95« CI. 1.09-1.47 can lead to respiratory symptoms and

associated with wheezing (Hoppin, 2006). Another study,102 pesticide sprayers and 69
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non-sprayers in state farms of Ethiopia were tested lung function, results showed that

pesticide sprayers had significantly reduced FEV1 and FVC when compared to controls

group(Mekonnen Y., 2006).

2.3 Occupational exposure assessment

Exposure, occupational and environmental exposure is defined as «the

process of contact at a boundary between human and the environment with a
contaminant of specific concentration for the interval time and a substance which

human can get into the bodies by one or more of four routes: by inhalation, skin
contact, ingestion, or by injection. Exposure is focusing on «pollutant of interest to the
individual, and to the time and duration of exposure»PJ, 1990).

Exposure assessment is the science to describe the characterizing of the
pathways, to describe the nature , size, concentration of pollution substance related to
magnitude and time duration of exposure to determine the degree of contact of person

and estimate the quantity or magnitude exposure dose.(L. e.al, 2005)

Exposures to pollution substance or toxic environmental contaminants
are very important for public health problem; there are significant risk factors in

occupational health and disease. Johnson described relationship between source

concentration, exposure, dose and risk factors lead to disease and suggested
environmental and public health staff for should have knowledge of the source of the
exposure, transport pathways, the exposed population, exposure levels, and routes of
the exposure as contaminants enter to the body for clearly picture of risk factors and

diseaselJohnson, 1992).

Exposures can measure as quantified concentration of pollutant or

agent in a source cir, water, soil, food) with human contact over time duration) of

contact.
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National Research Council calculated the intensity of exposure with
depend on exposure concentration as a function of time and duration of
exposure(NRC,1991)

t1

E=] (t)d

t2

E =intensity of exposure
Ct  =exposure concentration

t2t1 - duration of exposure

Furthermore, there have had a variable that influence the exposure and
dose are physiological factors such as age, gender, physical condition, human

behavior and activities such as work time each day, pattern of contact and contact rate
such as how much drink water.

Exposure Dose Response
X —_
Route of Internal
Source exposure Host changes Adverse
-Respiratory -Hormonal
Dermal DNA Health effect
l -Ingestion l l
Air, Water, Humans Disease
Soil, Food

Source adapted from (Samet and Jaakkola, 1994

Figure 2.3 Source of exposure, dose and biological effects that lead to human disease

2.3.1 Source and emissions

There are many harmful or pollution source, it can device two source;

natural source such as volcanic outbreak , storm, flooding and human activities such

as industrial ,transportation, energy production. The human activities source is the main

source which difference and variety type of emission sources, for example point sources
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such as industries process, activities that releasing pollutants to air or water, line-sources
such as road, power -lines, area sources such as farm and agriculture landfills. Pollution

sources are releasing pollutant to air or water in many form such as particulate, liquid,

mist, fume, gas, and vapor. In the public health workers, source of exposure to highly

hazardous chemicals are during handling, mixing, application use and contaminate
clothing is a significant of exposure WHO &UNEP,2006)

232 Transportation, Transformation and fate
Environmental transformation describes a chemicals lifetime in the

environment until it is converted to substances naturally found in the environment, or

until its fate can be described in some other way. Environmental transformation is
highly dependent on the medium. In air, transformation is by abiotic chemical reactions;
in soil and water, biodegradation may predominate. Substances that persist in the
environment will build to higher concentrations and may be more widely distributed.

The pollutants have several factors such as volatilization, temperature, humidity which

pollutants can transported to environmental condition over short or long distances. For
example, the benzene’ chemical property is high vapor pressure and volatile substance,
so it can be moved throughout the atmosphere and air movement.

233 Exposure pathways and routes of exposure

Exposure pathways is referred to as the process which a pollutants

exists from the source of chemical or agent to human bodies exposure.

Exposure route is referred to as the way of harmful environmental

condition factors such as chemical, biological, physical agent enters to human bodies.

There have the three major exposure routes to human are Inhalation, ingestion and

dermal contact.

Respiratory inhalation and dermal contact is the main route exposures

to chemical and pesticides workers (Damalas, 2011).Dowling reported that workers

which respiratory exposure were usually occur when using highly volatile pesticide

and working with no respiratory personal protective equipment or working condition
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is poorly ventilationdDowling, 2002).Dermal contact occur when workers are direct

skin contact with chemical or clothing and tools that are contaminated with

chemical.(Sanborn, 2002). Dermal exposure and ingestion are related to systematic

inflammation or sensitization when workers were exposed with high concentration of

chemical at the workplace (Maestrelli, 2009).
234 Dose (Organization & (WHO), 2001).
Dose is referred as <the amount of a pollutant that may enter the body
is usually only part of the exposure and is referred to as the dose” Dose can divided
three term are absorbed dosednternal dose),target organ dose and biological effect

dose
- Absorbed dosednternal dose) is referred as «the amount of an

agent that can passes into a tissue or organ over the time~
- Target organ dose is referred as - the integrated concentration

of the agent in the target organ, that is the organ where the particular agent may cause

an adverse health effect-

-Biological effectdose is referred as «the intergraded quantity
after subtraction of non-contributing fraction of dose or biotransformed proportion of
substance that may cause an adverse health effect-

235 Toxicokinetics

Toxicokinetics describe the process how human body arrange a
chemical, in term of ADME are chemical Absorption, Distribution, Metabolism and

Excretion that reaches the target organs and tissue. After chemical entering to body via
inhalation (ung), dermal contract (skin)or ingestion track. Toxicity is affected in one or
more tissue or organs. For example, mixture pesticide with diesel fuel, affect the central

nervous system such as dizziness, loss of coordination, headaches, nausea,
asphyxiation , lung damage, and cause irritate the skin and can lead to redness ,pain
and chemical burn blisters (Lagorio S, 2009); Peters S, 2013)). When chemical is

transported to the site of action target organs. The chemical is usually dissolved and
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reached to blood system, activated at targets organs, eliminated by detoxification

mechanism and excrete in urine, bile or sweat. The excretion substances in urine and

blood usually used biological monitor for estimation the quantity exposure or dose in

term of chemical occupational exposure and used to the medical surveillance program.

- Urine, occupational health staff is usually used urine samples in
biologicalprogram because they are simple to collect media in large

volume and workers is harass from sampling. However urine

sampling is limited in case of kidney failure, if the glomerular

filtration rate (GFR) is decease, the quantity for eliminating toxic
substance also decreases.(Organization\WHO), 2001).

- Blood, chemicals or substances are transported via the blood and
reached todifferent tissues or organs where they are stored,
accumulated or metabolized after that tissues will be released to

blood once again. The blood concentration of chemical is depended
by the exposure concentration and concentration in the tissues.
(WHO, 2001,

236 The relationship between exposure or dose and health effect

Researcher suggested that exposure assessment is used to determining

causation of disease. When exposure and dose increase, health effect or response will
usually have more increase and a great number of human may be affected.(SB, 1965).

There were two definitions in term of the relationship between exposure or dose and

health effect, exposure- effect relationshipis referred to the relationship between
exposure and effect and dose-effect relationship is referred to the relationship between

dose and severity or type of effect
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Elinder studied relationship between dose and prevalent in

percent( response) , relationship expressed dose or exposure increases due to the
prevalence of individuals of minor dysfunction, minor effects and major effects (Elinder

C-G, 1994).
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Figure 2. 4 relationship between dose and the prevalent in percentresponse)
(Elinder et al ,1994)

Another studied the association between benzene exposure and

leukemia among cohort workers who exposure to benzene in united states. The results

showed that the standardized mortality ratios for leukemia increased when workers

were exposed benzene increased(Robert A. Rinsky & Young, 1987). The relationship

between benzene exposure and leukemia show in Table 2.1
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Table 2. 1 Relationship between benzene exposure and mortality ratios of leukemia.

Benzene exposure The standardized mortality
concentration ratios(Persons-year)
(ppm)
Less than 40 109 to 322
41 to 199 323 to 1186
200 to 400 1187 to 6637
More 400 more 6637

2.3.7 The scope of exposure assessment \WHO, 2001)

The purpose of occupational exposure assessment is to identify
environmental condition exposure as chemical, physical, and biological agent that

may lead to health effect. The scope of exposure assessment includes:

2.3.7.1 ldentification and evaluation of source, hazardous of
agent (type, amount chemical release, location)

2.3.7.2 Determination of chemical concentrations in
environmental media such as air, water, food and soil.

2.3.7.3 ldentification of (major) pathway and routes of exposure

2.3.7.4 Duration, frequency and intensity of exposure

2375 Health effect from exposure

2.3.8 Factors should be consideration of exposure assessment
WHO (2001) described factors that researcher must be considerations

of human exposure assessment as follow
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2.38.1 Exposure duration and frequency are estimated of total
exposure. In term epidemiological studies can divided two pattern exposure are short
periods and long periods. For short periods (minutes, hours or days) exposure is often
averaged the specific time exposure periods. Epidemiological studies, cumulative

exposure is usually used to estimate of total average exposure intensity as the

exposure index, especially in occupational exposure assessmentSemple, 2005).
i
CE=)> Ext
1

Where CE is the cumulative exposure (ppm.years or mg.days/m3)

E is the exposureintensity for a given job, task or event
t is the duration of that exposure.

Dobrev conducted the toxicological interactions at

occupational exposure levels(threshold limit valuetime-weighted average

(TLV/ TWA)Dobrev I, 2002).

icﬂh
s

TWA — 1=
>t
i—1

where TLV/TWA threshold limit valuetime-weighted average

Ci concentration duration the i interval

ti - duration the i"" interval
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Figure 2.5 The relationship of environmental concentration, exposure concentration
and dose WHO, 2001,
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Figure 2.6 Schematic of dose and exposureUnited States Environmental Protection
AgencyUS EPA), 1992))



23

2.4 Pesticide formulations and equipment

World Health Organization (\WHO) recommended the guideline of chemical

methods for the control of vectors and pets of public health importance, pesticide
formulations should be concerned when active ingredient is mixed with pesticide
with various other ingredients to create pesticide formulations for several purpose use
such as enhance stability, low toxicity and improve more efficiency

controlOrganization(\WHO), 1997). Different formulations are showed in Table 2-2

Table 2. 2 Chemical formulations mixing for vectors and pets control

Formulations Used to control
Dustable PowderDP)and -Mixing active ingredient the with
Granule(GR) inert carrier for using to control

mosquito larvae

Emulsificable Concentration - Mixing active ingredient plus

EC) emulsifier and solvent for pesticide
deposit on surface treat, usually
strong smell and skin irritation.

Emulsion oil-in-waterEW) - Mixing active ingredient dissolved
solvent and surfactant for using to
long period and low level
concentration pesticide treat.

Solution(S) Mixing active ingredient with
solvent or fuel oil using for kill adult
mosquito ,solution are usually
prepared weight per volume (\W/V)

basis

Source adapted from WHO guideline ofchemical methods for the control
of vectorsOrganization(WHO), 1997)
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Thermal foggers (power operated) are widely used in many counties for vectors

control program such as dengue and west nile control program because these machine
are highly generated visible fog which is provided more psychological effect to vectors

operators and people to see vectors control process. However, thermal fogges are less
efficiency than Ultra Low Volume (ULV), the drop size are larger and wide range.

Moreover, thermal fog is potential fire hazard when operators are carried pulse jet to

indoor or confine space as present Figure 7. Aerosol generators or Ultra Low Volume
sprayers (ULV), this machine are mixed or diluted active ingredient with solvent, fuel
oil and generated a smaller drop size less (15-25 microns) than thermal foggers which
can cover large area. However, operators who are used these machine is calibration for
accuracy drop size. Therefore operators or supervisor must be trained maintenances

machine and safety operation as present Figure 2.7 and 2.8

Figure 2. 8 Ultra Low Volume sprayers (Pyranha Inc, 2014,
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2.5 Background information of BTEX

BTEX is the abbreviation used for chemical name of petroleum products which

consist of benzene, toluene, ethylbenzene, and xylenes. Petroleum products such as
diesel fuel and gasoline are usually found BTEX component by weight of 11% Benzene,
26 « Toluene, 11% Ethyl benzene and 52 « Xylene respectively. This study use
background chemical safety and health information of ATSDR- Toxicological profile

in regard to chemical and physical property, toxicokinetic and health effect
(ATSDR,2000; ATSDR,2004)

25.1 Benzene
2511 Chemical and physical property

Benzene is a clear liquid with sweet odor, volatile organic

compounds(VCs) in gas state and high flammable. It occurs naturally but is primarily

produced from petroleum products and usually found in the part of crude oil, gasoline

and cigarette. Benzene is widely used as a solvent in synthetic materials and makes

consumer products such as dyes, insecticides, rubber, nylons, plastic, paints, resins
and cosmetics products (ATSDR,2007a)

The physical and chemical property is shown as table below.

Table 2. 3 Chemical and physical properties of Benzene

Property Information
Chemical name Benzene
Chemical formula C6H6
Chemical structure @
Molecular weight 7811
Color Clear, colorless liquid
Physical state colorless to light yellow liquid
Melting point 55°C
Boiling point 80.1°C
Density at 15 °C, gicm3 08787
Odor Aromatic

Odor threshold
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-Water 20 mg/L

-Air Detection range: 34-119 ppm
(geometric mean: 61 ppm)
Recognition: 97 ppm

Solubility

Water at 25 °C ww 0.188%

Organic solvents Alcohol, chloroform, ether,
carbon disulfide, acetone, oils,
carbon, tetrachloride, glacial
acetic acid

Vapor pressure at 20 °C 75 mm
Auto ignition temperature 498 °C

NFPA hazard classification Health 2.2 ,Flammability 3.3Reactivity
00

Flammability limits in air 1.2% dlower limit; upper limit 7.8%)

Source: Adapted from toxicology profile of Benzene ATSDR, 2007a)

25.1.2 Toxicokinetic

The most common benzene exposure is both occupational and
environmental exposures setting, the main route of Benzene exposure is inhalation but

dermal contact is most often only a minor source of exposure. In human, absorption by
inhalation ranges from 70 to 80« in the first 5 minutes and is rapidly distributed to
accumulate target organs. In case of human high exposure concentration, Benzene were

found in the brain and lower concentration levels can found in the fat, blood, kidneys,

and liver.

Metabolism of Benzene occurs in the liver. The first step is the
formation of benzene oxide, an epoxide by cytochrome P-450 dependent mixed
function oxidases. There are two metabolic pathways proceeding from this intermediate.

The first process is transformed hydroxylation of the epoxide to phenol which is
excreted as a glucuronide or sulfate conjugate, or converted to hydroquinone and
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benzoquinone. Phenol, hydroquinone glucuronide and hydroquinone sulfate serve as
markers for this enzymatic pathway. The second pathway is related conversion of

benzene oxide to muconic dialdehyde through an NADPH mediated process, and

further conversion to muconic acid. Catechol is produced via this pathway through the

intermediate benzene glycol, and is excreted as a glucuronide or sulfate conjugate
(ATSDR, 2007a)
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Figure 2.9 Metabolism partway of Benzene

25.1.3 Health effect

Acute exposure to high concentrations of benzene in air cause
neurological toxicity such as headache, dizziness, drowsiness, confusion, tremors, and
loss of consciousness and respiratory tract effect such as sensitize the myocardium to
endogenous catecholamines. Acute ingestion of benzene causes gastrointestinal and

neurological toxicity. Chronic exposure to benzene results primarily in hematotoxicity,

including aplastic anemia, pancytopenia, or any combination of anemia, leukopenia,

and thrombocytopenia. Chronic benzene exposure is associated with an increased risk

of leukemia (ATSDR, 2007a)
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2521 Chemical and physical property
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Toluene is a clear, colorless liquid with a distinctive smell. It is found

naturally in crude oil and the process of production gasoline and other fuels from

crude oil and making coke from coal. Toluene is used in adhesives, fingernail polish,

lacquers, making paints, paint thinners, rubber and in some printing and leather

tanning processes.

Table 2.4 Chemical and physical properties of Toluene

Property Information
Chemical name Toluene
Chemical formula C6H5CH3
Chemical structure C H3
Molecular weight 9214
Color Colorless
Physical state Liquid
Melting point 95 °C
Boiling point 1106° C
Density at 20 °C, gcm3 0.8669 g/mL
Odor Benzene-like
Odor threshold
-Water 0.04-1 ppm
-Air 8 ppm
Solubility
Water at 25 C ww 534.8 mg/L
Organic solvents Miscible
Vapor pressure at 25 °C 28.4 mm/MHg
Autoignition temperature 480 °C
Flammability limits in air 12-71%

Source: Adapted from toxicology profile of toluene ATSDR, 2000).
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The primary route Toluene exposure is inhalation which is rapidly

absorbed while toluene is slowly absorbed by skin. Toluene has usually been found in

the brain, lung, liver and blood.

The primary steps of Toluene metabolism, cytochrome 450 (CYP)

ribozyme catalyze hydroxylation to form benzyl alcohol. Then CYP2EL catalyze

oxidation to benzoic acid. Next, the most of benzoic acid link with glycine to form

hippuric acid but some part benzoic acid conjugate with UDP-glucoronate to form the

acyl —gucoronide. In human, around 75-80 « of inhalation of Toluene can be transform

as hippuric acid and accumulate in urine. Toluene is rapid excrete from the body within
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Figure 2.10 Metabolism partway of Toluene
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2523 Health effect

Acute exposure via inhalation cause central nervous system effect such
as ataxia, fatigue, sedation, seizures and anesthesia, respiratory effect such as acute
bronchitis, bronchospasm, pulmonary edema, pneumonitis, and asphyxia, eye irritation

symptom such as burning, conjunctivitis, corneal edema, and corneal abrasions.
Ingestion may cause vomiting, abdominal cramps, and diarrhea ATSDR, 2000.

253 Xylene

25.3.1 Chemical and physical property of Xylene

Xylene has three forms consist of meta-xylene, ortho-xylene, and

para-xylene (n-, o-, and p-xylene). it is a colorless, sweet-smelling liquid which
high flammable can cause fire easily. Xylene is used as a solvent and in the
printing, rubber, leather industries, thinner for paint and varnishes. It is also
found in gasoline (ATSDR, 2000b).

Table 2.5 Chemical and physical properties of Xylene

Property Information
Chemical name m-Xylene 0-Xylene p-Xylene
Chemical C8H10 C8H10 C8H10
formula
Chemical CH, CH, CH,
structure P ,Lq‘ A, ~CH,
[ %CH3 “/ f;]\ ‘“|- a-':-J/
i =~ CH, o

Molecular weight 106.16 106.16 106.16
Color Colorless Colorless Colorless
Physical state Liquid Liquid Liquid
Melting point 478 °C 252 °c 132 °c
Boiling point 1391 °C 1445°C 1384°C
Density at 20 °C, 0.864 gm3 0.880 g/m3 08611 gcm3
gcm3
Odor Sweet sweet sweet
Odor threshold
-Water No data No data No data
Air 0.05 ppm 0.05 ppm 0.05 ppm
Solubility

Water at 25 C ww 161 mg/l 178 mg/l 162 mg/l

Organic solvents
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Vapor pressure Miscible with Miscible with Soluble in
at25°C alcohol, ether, alcohol, ether, alcohol,
and other and ether, and other
solvents other solvents organic solvents
Auto ignition 527 °C 463 °C 528 °C
temperature
Flammability 11.70% 10-7.0% 1.1.7.0%
limits in air

Source: Adapted from toxicology profile of Xylene ATSDR, 2000b).

25.3.2 Toxicokinetic

In humans, the primarily metabolism of xylene proceeds by the

oxidation of a side-chain methyl group by microsomal enzymes (mixed function
oxidases) in the liver to form toluic acids (methyl benzoic acids). These toluic acids
conjugate with glycine to form toluic acids (methylhippuric acids) that are excreted into
the urine. Minor metabolic is elimination of unchanged compound in the exhaled breath
and in the urine, and the urinary elimination of methylbenzyl alcohols, o-
toluylglucuronides (o-toluic acid glucuronide), xylene mercapturic acid and xylenols
(dimethylphenols) Metabolism of the various xylene isomers in humans is shown in

Figure 2.11



32

free o-toluic acid?
urine /

X conjugates
o-isomer (sulphoconjugate + o-toluylglucoronide)
(trace - 1%)

CH, CH, CH,
: / o-, m-, p- /
= H,C/ — HC[ ——= HC;
CH.OH COOH 'semers CONHCH,COOH
rnethy!ben_zy!alco!‘hols methylbenzoic acids methylhippunc acids (urine)
(o-, m-, p- isomers) (o-, m-, p- toluic acids) (o-. m-, p- toluric acids)
(ortho - 97.1%
oxidation| CH,-group meta - 72-99.2%
para - 95.1%)
urine (traces)
unchanged
exhalation unchanged
C,H,(CH,), O o urine (ortho - 0.0046%
(ortho - 5.3% meta - 0.0047%
meta - 4-58%  Xylenes para - 0.0026%)
para - 3.5%
mixture - 4. 5%)
aromatic
hydroxylation

urinary excretion as sulphates + etherglucuronides?
o HOC_H,(CH,), /

xylenols
(dimelhy!pheno&s)\
1
urinary excretion of 2,3-, 3,4-, 2.4-, and 2.5-xylenols,
respectively, from o-, m-, and p-xylene
{ortho - 0.86%
meta - 1.98%
para - 0.05%)

Source Toxicology profile of Xylene (ATSDR, 2000b).

Figure 2. 11 Metabolism partway of Xylene in Human

2.5.3.3 Health effect
Respiratory Effects. In humans, nose and throat irritation has been
reported when exposure to mixed xylene at 200 ppm for 3-5 minutes, m-xylene at 50
ppm for 2 hours, and p-xylene at 100 ppm for 1-7.5 hours/day for 5 days .However, no
increase in reports of nose and throat irritation. Xylene cause decreased forced vital
capacity (FVC), increased forced expiratory flow at 75% FVC (FEF), and increased ratio

of forced expiratory volume in 1 minute (FEV1) to forced vital capacity (FEV1/FVC)

(ATSDR, 2000b).
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Symptoms of nausea, vomiting, nausea and

gastric discomfort have been noted in workers exposed to xylene vapors (ATSDR,

2000b).

2.54 Ethyl benzene

2541 Chemical and physical property of Ethyl benzene

Ethyl benzene is a colorless liquid and aromatic hydrocarbon in

gas state with aromatic odor. It found in petroleum production and is a part of fuel.

Vapor gas are heavier than air and cause flash back of fire by vapor move to ignition

source. Ethyl benzene is used to produce synthetic rubber. Chemical and physical is

presented in Table 2.6

Table 2.6 Chemical and physical of Ethyl benzene

Property Information
Chemical name Ethylbenzene
Chemical formula C8H10
Chemical structure (‘%
Molecular weight 106.17
Color Colorless
Physical state Liquid
Melting point 94975 °C
Boiling point 136.19 °C
Density at 20 °C, gicm3 08670
Odor Sweet, gasoline-like
Odor threshold
Water 0.029 mg/L
-Air 2.3 ppm
Solubility

Water at 25 C ww

177 mg/L
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Organic solvents Miscible with usual organic
solvents

Soluble in alcohol and ether

Vapor pressure at 25 °C 9.53 mm Hg
Autoignition temperature 810 °F 432 °C)
Flammability limits in air 0.8 dower)vol%-6.7 (upper) volv

Source: Adapted from toxicology profile of Ethyl benzene ATSDR, 2010).

2542 Toxicokinetics

Inhalation is the main route exposure, the major metabolite of

Ethyl benzene are mandelic acid and phenylglyoxylic acid. The first step of metabolite
partway is hydroxylation at the side chain Ethyl benzene to form 1-phenylethanol by
cytochrome P-450. Then 1-phenylethanol is linked to glucuronide which ether excrete
or change metabolite. Result of 1-phenylethanol hydroxylation is acetophenone which
excreted in the urine and further transformed. Next continued oxidation at side chain
result in 2- hydroxyacetophenone, 1- phenyl- 1,2- ethynediol, mandelic acid, and
phenylglyoxylic acid respectively . Other metabolite partway is glucuronide and sulfate
link to hydroxylated to produce glucuronides and sulfates that are excrete in urine.

Therefore biomarker in urine due to Ethyl benzene exposure via inhalation is mandelic

acid, and phenylglyoxylic acid.
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Figure 2 12 Metabolism partway of Ethyl benzene in Human

25.4 3 Health effect

There have several studies were reported that occupational
exposure to Ethyl benzene cause respiratory tract and ocular irritation and possible

hearing loss. Exposure to high concentration via inhalation can cause throat irritation,
dizziness(ATSDR), 2010) ATSDR,2010). Ethyl benzene has classified by IARC as

group 2B possible carcinogenic to humanCancer(d ARC), 2012).

2.6 BTEX exposure monitoring

2.5.1 Direct method (Active sampling
The methodologies for BTEX (Benzene, Toluene, Ethyl
benzene and Xylene) inhalation exposure can measured by direct method, samples

of air contaminant are collected by using personal sampling pump in breathing
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zone. Workplace air contaminant is drawn air through a charcoal adsorbent tube

with different flow rate and duration sampling which depend on type of chemical,

there are showing in table 4. Next, BTEX in workplace air samples is analyzed by gas

chromatography with flame ionization detection (GC-FID) (Health(NIOSH), 2003b).

Table 2. 7 Sampling flow rate, volume, capacity, range, overall and accuracy

Breakthrough Range
Sampling Volume @ at Overall
Flowrate Volume” (L) Conceniration VOL-MIN Bias Precision  Accuracy
Substance (L/min} MIN MAX (L} _ (mg/m’) (mg/m) (%] =] (%)
benzene 0.20 5 30 >45 149 42 - 165 04 0.059 11.4
p-er-butyltoluene 0.20 1 29 e 112 28-119 -10.3 0.071° 20.7
cumene 0.20 1 30 *45 480 120 - 480 5.6 0.059 15.2
ethylbenzene 0.20 1 24 35 07 222 - 884 -T6 0.08g° 17.1
a-methylstyrene 0.20 1 30 *45 940 236 - 943 -T6 0.067° 16.49
p-methylstyrene 0.20 1 30 =45 940 236 - 943 -T.6 0.081 16.9
toluene 0.20 1 8 12 2294 548 - 2190 16 0.052 10.4
xyleng (o-,m-,p-) 0.20 2 23 35 870 218 - 870 -1.2 0.060 12.2
styrene <1.00 1 14 21 1710 426 - 1710 -7.8 0.058° 16.7

* Minimum recommended flow is 0.01 Limin.
V. = minimum sample volume @ OSHA TWA;
Vy,. = maximum sample volume {@ OSHA TWA
“ Comected value, calculated from data in Reference 5.

Source: NIOSH Manual of Analytical Methods 1501 (Health(NIOSH), 2003b)

Generally, sampling technical reason, air contaminant in environmental

working condition cannot be sampling in a work full shift, because workers are vary

exposed deepening activities and duration exposure. However, researchers are collected

in a group of events or action of consecutive sampling periods. Estimation of total

occupational exposure is reported of as the time-weighted average concentration (TWA)

and be compared with occupational exposure standards such as Threshold Limit Values
(TLV) or Max Allowable Concentration (MAC values)(ACGIH), 2007).
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2.5.2 Biological monitoring (Biomarkers of exposure)

Biological monitoring can assess amount of chemical substances

from body metabolites or derivatives in tissues, excrete. Biological monitoring is more

important and accuracy method for evaluation of occupational exposure to aromatic

hydrocarbon or v such as benzene, toluene, Xylene (Heinrich et al,2000). The metabolite
processes of Human body are inter-individual differences due to varied route of
exposure, absorption, metabolism and excretion. American Conference of Government
Industrial Hygienist (ACGIS) and Ministry of Labor, Thailand were recommended the
biological exposure indices standard for BTEX biological monitoringc¢ ACGIH),

2007);(Labor, 2007).

Table 2. 8 Biological exposure indices standard for BTEX

Parameter Benzene Toluene Ethyl benzene Xylene
ACGIHBEIs2007)  -TT-Muconic in urine, Hipuric in urine - Methy! hipuric
End of ShiftE0S$)500 End of Shift 1.6 gg acid
ugyg Cr. Cr. End of Shift EQS)
S.phylnylmercapturic ~ O-cresol in urine 15ggCr
acid in urine25 ugg Cr.  End of Shift
0.5 mg/l
Ministry of Labor, -TT-Muconic in urine, Hipuric in urine Mandelic in Methyl hipuric
Thailand 2007) End of ShiftE0S)500 End of Shift urine acid
ugyg Cr. 16 g/g Cr.O-cresol End of End of ShiftEQS)
in uri week EOW)
Sphylnylmercapturic 1 UrineEnd of 15ggcCr
Shift0.5 mg/l 15ggCr.

acid in urineend of
ShiftEOS)25 ug/g Cr.

Source: Biological exposure indices standard for BTEX biological
monitoring (ACGIH,2007,Ministry of Labor,2007).

Sampling and analytical forexposure to toluene , xylene and ethyl

benzene (hipuricacid,methylhipuric and madelic acid ) were conducted by NIOSH
method 8301 (Health), 2003a), benzene(T T-muconic acid ) analyze by using high

performance liquid chromatography (HPLC)Scherer, (1998,
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2.5.3 Questionnaires

Questionnaires can analyze risk factor and information on
relevant occupational exposure such as time, activity patterns, source of exposure ,

characteristics of participants. Furthermore, questionnaires can be used to categories
exposure and Rezazadeh and co- workers who studied occupational exposure of

petroleum depot workers to BTEX Compounds, researchers used questionnaires to
assess BTEX exposure such as age, sex, nutritional habits, smoking, drug consumption

and use of personal protective equipment(RezazadehAzari, 2012). When researchers

interview participants, researchers should be used standard questionnaires that have

been tested and validated. If questionnaires cannot validate, the studied should be

provide reliability of questionnaires (Armstrong BK, 1992).

2.7 Pulmonary function test

2.7.1 What is Pulmonary function test?

Pulmonary or lung function test is physical test by using spirometer to
measure person inhales and exhales volume of air as function of time for evaluate

how well the lung work. This test is used to access the cause respiratory problem
(Miller, 2005

Lung function test measure

1) The quantity of airditers) that person can inhale into lung.

This amount is compared with reference people by age,

height, and sex.
2) The amount of air (liters) that person can exhales from lung

and how fast they can do it

272 What is parameter for evaluate pulmonary function test ?

Miller explained the parameter and definition for standardization of

spirometry as list below
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FVC (Forced vital capacity)
FVC is refer «the maximal volume of air exhaled with

maximally effort from a maximal inspiration with presented in

litres at body temperature and ambient pressure saturated-.

FEV1 is «the maximal volume of air exhaled in the first second

of a forced expiration from a position of full inspiration,
expressed in liters at BTPS~

FEV1 FVC is «the comparison between the maximal volume

of air exhaled in the first second with the maximal volume of

air exhaled~ It is used to consider lung obstruction  FEV1/
FVCis less than 70 «)

FEF25-75% is «the mean forced expiratory flow between 25
and 75 of the FVC (FEF 25-75%)~or the maximum mid-
expiratory flow.

PEF is mean «peak expiratory flow: The highest forced
expiratory flow measured with a peak flow meter-

VC is «Vital capacity: the volume of air breathed out after the
deepest inhalation~.

IVC is “Inspiratory vital capacity: the maximum volume of air

inhaled from the point of maximum expiration Inspiratory vital
capacity: the maximum volume of air inhaled from the point of

maximum expiration~

T

Inspiratory capacity

1 second —f
l FEV,
Resting

tidal
volume

Functional residual capacity Residual volume

I l

Total lung capacity —————

Source Adapted from spirometry test(Miller, 2005)
Figure 2 13 Graph spirometry test
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2.7.3 Procedure of pulmonary function test

Pulmonary function test and quality control of this study will follow
the guideline of Thoracic Society of Thailand under Royal Patronage (2012 ) and
Standardisation of spirometry (Miller, 2005)

1) Participants properness
Participants is interviewed and physical tested by
occupational medicine. If the results of medical examination show participants have
been cataract surgery, participants will exclude of this study.
2) Explanation and Demonstration
Occupation health physicians explain and
demonstrate about process of pulmonary function test as follow

1. Sitting with good

1

2 Nose clip

3. Maximum inhalation

J

4. Keep in the mouthpiece

5. Force exhalation

1

6. Repeat step 3-5

2.8 times

7.Quality control checking

Figure 2 14 process of pulmonary function

3) Pulmonary function test and interpreting
Pulmonary function test will perform by Occupation
health physicians and occupational medicine will interpret data
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4) Quality control checking, we consider acceptability

criteria

Acceptability criteria

Occupation health physician will check inhalation
and exhalation of participants by consideration
volume and time, acceptability criteria the
extrapolate volume should less than 5% FVC or 0.15

liter and time of force exhalation should at least 6
second

Reproducibility criteria

Occupation health physician select 3 graph that pass
acceptability criteria

-The difference data of maximum value of FVC and
second maximum value of FVC are not over 200
milliliter

-The difference data of maximum value of FEV1 and
second maximum value of FEV; are not over 200
milliliter

In 1950, Irwin Rosenstock, Godfrey Hochbaum and Stephen Kegels developed

the health belief model to explore a variety of health behavior over short and long term.

The principle of The Health Belief Model is provide six constructs health information

such as perceived susceptibility ,perceive severity, perceived benefit , perceived

barrier ,cure to action and self-efficacy activate people for prevent disease

- Perceived susceptibility refer is belief in the chance of getting

condition

- Perceive severity is belief in the seriousness of condition and its

consequence.

- Perceived benefit is belief in the effectiveness of suggested action

to reduce the risk or impact

- Perceived barrier is belief in the tangible and psychological cost of

the advised action
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- Cue to action is belief in the strategies to activate one’s people to

take action

- Self-efficacy is belief in the confidence one’s ability to take action

INDIVIDUAL PERCEPTIONS MODIFYING FACTORS LIKELIHOOD OF ACTC'
Demographic Perceived benetifs of
variables . preventive action
i T!Ingts:rriers to
erceive
Socloegigg%:glcol P r:revonl“rve action

Perceived :
Perceived susceptability » threat of . Uk?ggg;dmg:‘égzmg
o disease X disease "X preventive
Perceived seriousness f health action

(severity) of disease X"

Cues to Action

Mass media campaigns
Advice from others
Reminder postcard

lliness of family member/friend
Newspaper of magazine article

Figure 2.15 The Health Belief Model Framework
Source : Blinkhorn (1999

2.9 Relate articles

Boogaard (1995)studied comparison of s phenyl mercapturic acid, trans,trans-
muconic acid, and phenol for benzene exposure of workers. The results found
trans,trans-muconic acid is suitable for bio monitoring to benzene exposure as
concentrations of benzene are higher than 1 ppm 8 h TWA). However, trans,trans-
muconic acid was usually detected in urine of workers who are smoking.

Loonsumrong (2012) was carried out to assessed BTEX inhalation exposure

and identified health risk assessment due to BTEX exposure among workers at car

parking. Breathing air samples were absorbed by using activated charcoal tube and

analyzed gas chromatography which sampling and analytical method are followed

NIOSH 1501. Bio monitoring were conducted by collect urine at end of shift. Results

found the mean concentration of BTEX exposure were 11.28+(5.03) , 56.13+(73.96),
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7.16+(9.19),10.58+(6.32) ug/m? respectively. Health risk assessment from benzene
exposure. Cancer risk was estimate 4.37 x 10® which indicated workers have developing
at risk cancer. Biomarker concentration in urine of workers, t,t-Muconic acid, hipuric
acid and methyl hipuric was not correlation BTEX exposure of worker. However,

researcher found increasing of ethyl benzene concentration was associated with upper

respiration symptom (cough.

Kongtip (2013) assessed occupational exposure to Malathion and Bifenthrin in
54 volunteer of mosquito control sprayers by dermal contract. Pesticide were collected
by using cotton patches smeared on skin and urine samples were also collected. The
results found that the 3-(2- chloro- 3, 3, 3-trifluoro- 1- propenyl - 2, 2- dimethyl-
cyclopropanecarboxylic (TFP) acid level was significant difference before and after
work. A 59.3 v of participants had health symptoms after 1-3 hours of pesticide spraying
were skin and upper respiratory irritation(75%),dizziness-nausea (59.4+) headache, short
breathing, chest tightness and numbness respectively. Participants should use plastic
protective clothing, nylon or polyester to protect pesticides from skin contact.

Navasumrit et al. 2005) conducted environmental and occupational exposure to
benzene in Thailand. Ambient and personal air samples and t,t-muconic acid in urine
were collected and analyzed by NIOSH method. Results found mean concentration of
benzene at gas station and petrochemical factories were 64.78 ppb and 66.24 ppb
respectively. Benzene exposure of workers were significantly increased t,t-muconic acid
in urine.

Tunsaringkarn ¢ 2012) estimated hazard quotients and life time cancer risk

among 49 participants who were worked at 6 gasoline stations in the inner and outer

areas of Bangkok. Air samples at near gas station and roadside were collected by

activated charcoal tube and analyzed by gas chromatography with flame ionized

detector (GC-FID). Furthermore participants were interviewed by using occupational
health questionnaire to find out symptoms workers. Results showed hazard quotients

for BTEX were 0.600, 0.008, 0.007 and 0.002, respectively. The life time cancer risk to
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benzene and ethyl benzene of workers were estimated at 1.75x10“and 9.55x10. Workers
were working at gas station and exposed BTEX would increase risk of cancer.

Moreover, this study found that benzene and toluene exposure can cause of fatigue

workers.
Priyadarshini G (2014 carried out 60 petrol pump elderly workers who age 30-

60 years with working more than 1 year and exposure to toxic substances from petrol

and diesel. The workers were accessed pulmonary function by spirometer. Results of
FVC, FEV1, FEF25 75, were Significantly decline. Especially FVC/FEV1 was significant
decline in elderly workers in age 50-60 years. Elderly workers were had at risk
benzene exposure and other health harmful substances. The measure for prevention

chronic disease, elderly workers should be early recognition hazard, job rotation and

remove from workplace.
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CHAPTER 11

RESERCH METHODOLOGY

3.1 Study Design

This study was conducted a quasi- experimental study to assessed current

exposure to diesel exhaust and cypermethrin, as measured by daily duration of spraying,
number of years of spraying, chemical exposure, investigate the relations of chemical
occupational exposures and health effect and find out the effectiveness of chemical
safety training program intend to reduce pesticide and chemical occupational exposure

among vector control operators in Bangkok, Thailand. One hundred and twenty-six

participants were purposive selected by using questionnaire from six Bangkok

administration areas. Participants were recruited to wear personal air sampling,

collected urine samples at the end of shift and interviewed participants with
questionnaire to find out history exposure, behavior, health status and health symptoms

and lung function test. Data collection were conducted during winter, summer and

raining season to consider for season differences in exposure pattern of operators.

3.2 Study Area

This study was conducted in six administrative areas in Bangkok— Central

Bangkok, South Bangkok, North Bangkok, East Bangkok, North Khungthon, and South
Khungthon. Ninety-six male (18-60 years) public health VCOs were recruited and met

the inclusion criteria. There were 48 operators in the intervention group from North

Bangkok, South Bangkok, and East Bangkok and 48 operators in control group from
North Khongthon, South Klongthon, and Central Bangkok.
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3.3 Sample Size Calculation

The sample size calculation is based on Wang et al. (2007),who studied the

relationship between urinary pesticide metabolites and pest control operation among

occupational pesticide sprayers. They found that the mean and standard deviation
concentration of 3- phenoxylbenzoic acid (3-PBA) in the urine of the exposure group
was 9.6 (2.5 nmol/g of creatinine and in the non-exposure group was 7.7 (1.9) nmol/g of
creatinine. The sample size was calculated by using a sample size for a comparative
study of two population means: continuous outcomes with 80+ power, beta 0.35, and
95+ confidence level(Hajian-Tilaki, 2011). Thus, this study required a sample size of at
least 30 participants in each group plus an additional 10% of the total participants to

account for sample withdrawal.

Zy2=Za=196, zp_085,0,-2.50,=1.9°, A=1.9 ug/ml

ngroup = 2@7;2@)20;27(Daniel, 1999; Lemeshow et al.1990)
A2
ngroup - 2(1.96:0.85) (0.9% )
1.9
ORY

sample loss 10%~ 3
ngroup =30
The total number of vector control workers in Bangkok have 126 workers, so
to prevent sample losses and bias from exposure misclassification, this study will be

sampling all workers. However, VCOs were only participated 103 operators and

passed inclusion criteria 96 operators for questionnaire study and 68 for lung function

study. See Figure 17.
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Figure 3.2 Sampling technique flowchart
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3.4 Study Population

Participants who volunteers agree to participate and inform consent.
Questionnaire-based information were interviewed on work history and health status,
occupational, drinking and smoking habits and working conditions. The participants
were between age 18-60 years who are all healthy and have not been suffering from
respiratory disorders.

Inclusion criteria
-Working or at least 6 months in BMA employee

@8 hrs. per days or 40hours per week)
-Voluntary to participate
-Male age 18- 60 years
« Use thermal fogging spraying
Exclusion criteria
- Having history of respiratory disease such as asthma,

emphysema ,hearth disease
-Rotation job work shift

3.5 Data Collection

Prior data collection, participants who participated and volunteer to
this study to inform consent procedures for each subject which approved from the
college of Public Health Sciences, Chulalongkorn University ethical consideration

board. Each participant was obtained information about objective of study, data
collection and the benefit which participants received from this study. Data collection

procedure were conducted 12 months which cover winter, summer and raining

seasons.it is dividing into four phases: preparation, baseline, intervention and

evaluation phase.
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3.5.1 Preparation phase
1) Discussed and presented a project, objective and procedure
of this study with head of environmental and sanitation section, environment health.
2) Recruit voluntary participants by interviewed on work

historical and health status, occupational, drinking, smoking habit and following

inform consent.
3) Design questionnaire after review previous studies relate
with BTEX personal monitoring. The questionnaires are consisting four parts: 1)
general demographic information, 2) working condition characteristic 3) occupational
health symptom and 4) safety behavior
Part 1. General demographic information will be

interview about demographic information such as age, sex, weight, high, smoking

behavior.
Part 2: Working condition characteristic be interview

about job activity and time, personal protective use, time spent of transportation, use
of and exposure to organic solvents at home

Part 3: Occupational health symptom via inhalation and
skin exposure: troth irritation, eyes irritation, nose irritation, fatigue, dizziness,
headache, cough, nausea, confusion, drowsiness.

Part 4. Safety behavior consist 15 items (Appendix A):

read chemical label, staff explain chemical hazard, use expired, use mouth open

pesticide container, mix and spray pesticide, personal hygiene (drinking, smoking at
workplace, take a shower, change clothing, wash hand), store pesticide and disposal in
safe area.

@ Test accuracy of questionnaire about index of item objective
congruencedOC) by three experts and test reliability of questionnaire by collection 30
vector control workers and analyze questionnaire by using Kuder-Richardson -20(KR-

20).
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3.5.2 Baseline phase.

(1) Participants were interviewed by using questionnaire and
have a check-up health status by occupational medicine.

(2) Personal BTEX sampling

- Air sampling technique was follow NIOSH Method

1501, breathing air is draw into SKC activated charcoal tube 50,100 mg by personal
sampling pump with air flow rate [ 0.2 litter per minute at least 2 hrs. and record job
activity and time.

- Transportation, after sampling a activated charcoal tube is

sealed with plastic cap then put in plastic bag and storage in with keep temperature

under-10 ¢

- Sample preparation and analysis is follow Figure 18

Break activated tube at the end of front
and back then place into vial

]

Add 1 ml carbon disulfide(CS»
And standing with agitation 30 minutes

1

Separate clear extracted solution and
transfer to 2 ml vial glass

|

Inject 2 ul into Gas chromatography with
flame ionization detector (GC:FID)

Figure 3.3 Sample preparation and analysis

- Sample analysis, sample analytical technique is
followed by NIOSH Analytical Method 1501 as
follow Table 2.7
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3) Quality control for airborne
3.1 Limit of detection (LOD)and limit of quantitation (LOQ).
Analyzed benzene and toluene standard solution at 0.5 ug/l 3 times and calculate LOD
and LOQ by

LOD -3SD
LOQ -10SD

3.2 % Relative Standard deviation «RSD) calculated by

%RSD = SD x 100

X
3.3 % Recovery at 20, 60 and 100 ug/l

% Recovery = (concentration @dd standard solution) -
concentration (no add standard solution))/
concentration add standard solution

3.4 R? between Peak area and concentration at 20, 40, 60, 80,
100 ug/l

Table 3.1 Gas chromatography condition

GC Model Perkin - Elmer ATD 400

Helium (make up) 30 ml/min
Carrie gas Hydrogen 32 ml/min
Oxygen 305 ml/min

Capillary column Helium

Flow rate of Helium 1 ml/min

Injection Method Spiltless

Injection volume 2 ul

Injection temperature 150 °C

Detector type Flame ionization detector
Detector temperature 250 °C

Oven temperature 150°C

Oven condition Temp 40°Chold 2 min to 100 °C,
Atrate 10 °C/min
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Table 3. 2 Quality control results of Gas chromatography

Air borne LOQ LOD %RSD %Recovery R?
Benzene 05 15 537 92-107 0.998
Toluene 06 22 6.41 91-106 0.998
Cypermetrin 0.05 015 6.22 101-125 0.998

(3) Biological monitoring
3.1 Urine samples each participant was collected at the end of
shift (EOS)and end of week (EOW) and transfer into 10 ml polystyrene tube with keep
temperature -10 c. The chemical metabolite in urine will determine by using difference
method as follow Table 3.3

Table 3.3 Biological monitoring method

Parameter Biological exposure Index Analytical Technique Method
Benzene -TT-Muconic in urine, High performance liquid Scherer(1998)
EOS 500 ugg Cr chromatographyHPLC)
Toluene Hipuric in urine, EOS High performance liquid NIOSH
16 ggCr. chromatographyHPLC) 83012003

Cypermethrin | 3 phenoxybenzoic acid(3- High performance liquid (Thiphom et al ,
PBA), EOS chromatographyHPLC) 2014

Note EOS End of shift

3.2 Biological analysis and quality control

3 PBA analysis methods were modified from Thiphom and

Prapamontol's method by using high-performance liquid chromatography (HPLC) -
Agilent 1260, column Luna 5u C18(2) 100 A 150 x4.6 mm, flow rate 0.8 ml/min, mobile
phase water:acetonitrile 4060, inject volume 20 ul at 25°C 210 nm (14). Then 100 uL
sodium hydroxide (6N) was added to the plasma and heated up to 100°C for an hour.

After cooling, 1 ml of 0.2 sodium acetate buffer (pH 4.5) was added to adjust pH to
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around 12, and 2 ml of ethyl acetate was added and shaken for 10 minutes to clean up

the samples. Then the remaining aqueous phase was combined with 120 uL
hydrochloric acid (6N to reduce pH to around 3, and evaporated in nitrogen steam. The

residue sample was dissolved in 200 uL of methanol and 2 ml of sodium acetate buffer

was added to adjust pH to 5 and solid phase extraction (SPE) cartridge was used to
reduce matrix effect from hydrolyzed urine. A 3 PBA analysis was conducted in the
central analysis laboratory of the Faculty of Public Health of Mahidol University. The
analyzer had a 3-PBA detection limit of 0.05 pg/ml and, LOQ 0.15 ug/ml, « recovery 85-
106 and %»RSD 6.5-7.7, respectively.

Trans, trans-muconic acid (tt-MA) and o-cresol

The Scherer method and NIOSH 8301 methods were used to determine the level

of trans-Muconic acid and o-cresol benzene and toluene exposure, respectively
(Scherer,1998; NIOSH,2003). Urine samples were collected into 10 ml-polystyrene
tubes at the end of the work shift and kept at -20°C until transported for analysis. For
the determination of ttMA and o-cresol by using high performance liquid
chromatography (HPLC -DAD 1260 Agilent , column C18 250 mm 5 p, Mobile phase
- Acetic acid + Methanol + phosphate buffer (10 mL + 100 + 10 total 2000 mL), flow 1.5
mL/min, briefly, 100 uL sodium hydroxide (6N)was added in 1 ml urine and extracted
with 1.5 ml ethyl acetate. The residue was evaporated in nitrogen steam and dissolved
with 0.5 ml mobile phase (10 ml acetic acid + 100 ml methanol + 10 ml phosphate buffer,.
The tt-MA was analyzed at the toxicology laboratory of the Ramathibodi Hospital of
Mahidol University which has a limit of detection (LOD) and limit of quantification
(LOQ) for tt-MA at 10 ug/ml and 70 ug/ml, % recovery at 200 ug/l 93% and 800 ug/L
101%, % RSD 6.5% at 200 ug/l and 5.8+ at 800 ug/l and for o-cresol had LOD 0.02 mg/L
and 0.07 mg/L, % recovery at 0.15mg/L 90 % and1.0 mg /L 98 %, % RSD 6.5%at 0.15 mg/L
3.6 and 1.0 mg /L 2%, respectively. The quantities of metabolite concentration were

used after adjusting for urine creatinine concentration.
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Table 3.4 Quality control results of high-performance liquid chromatography HPLC)
for biological exposure analysis

Metabolite LOQ LOD %RSD %Recovery R?
3 PBA 0.05 015 6.5-77 85-106 0.998
ug/mly ug/mly
ttMA 10 10 5865 93-101 0.998
ug/ml ug/ml
O-cresol 0.02 0.07 3665 90-98 0.998
mg/L mg/L

&) Pulmonary function test

Pulmonary function test and quality control of this study
will follow the guideline of Thoracic Society of Thailand under Royal Patronage
(2012 ) and Standardisation of spirometry (Miller et al;2005)

5) Participants properness
Participants is interviewed and physical tested by
occupational medicine. If the results of medical examination show participants have
been cataract surgery, participants will exclude of this study.

6) Explanation and Demonstration
Occupation health physicians explain and
demonstrate about process of pulmonary function test as follow
7) Pulmonary function test and interpreting
Pulmonary function test will perform by Occupation
health physicians and occupational medicine which perform as follow Figure 19
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1. Sitting with good

L

2.Nose clip

“

3. Maximum inhalation

«

4. Keep in the mouthpiece

-

5. Force exhalation

-

6. Repeat step 3-5
3-8 times

4

7.Quality control checking

Source: Thoracic Society of Thailand under Royal Patronage (2012 ) and
Standardizations of spirometry Miller et al;2005,

Figure 3.4 process of pulmonary function test

8) Quality control checking, we consider acceptability
criteria and reproducibility criteria

Acceptability criteria

Occupation health physician will check inhalation
and exhalation of participants by consideration
volume and time, acceptability criteria the
extrapolate volume should less than 5% FVVC or 0.15

liter and time of force exhalation should at least 6
second
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Reproducibility criteria

Occupation health physician select 3 graph that pass
acceptabilitycriteria

-The difference data of maximum value of FVC and

second maximum value of FVC are not over 200
milliliter
-The difference data of maximum value of FEV; and
second maximum value of FEV; are not over 200
milliliter

3.5.3 Intervention phase

This study integrated the principle of safety chemical program
with health belief model. The intervention program consists of chemical safety

training, field practice (PPE use, chemical safety handling and occupation medicine
examination and consulting. The process of Intervention phase is following.

(1) Meeting the local head of sanitation and environmental
district, environmental health staff and vector control
workers to explain project, objective, data collection and
brainstorming to find collaboration and interaction of
stakeholder

(2) Training of basic chemical safety with using motivation
technique, give a examples, demonstrate and field practice
training (2 days)

(3) Occupation medicine given some consulting about
occupational health and symptom due to chemical exposure
and recommendation how to prevent disease and symptom.

(4) Providing the proper personal protective equipment such as
chemical mask, goggle, hand protection and body.

(5) Chemical mask Fit test training program
(6) Providing CD-ROM of safety chemical program

354 Evaluation phase

After intervention, this study were conducted to follow up 2
times for estimation the effectiveness intervention program. The evaluation phase

consist of 4 categories are following
(1) Assessing safety behavior such as personal protective

equipment use, chemical safety practice by using
questionnaire of HBM scale (5 point Likert scale: always

done, often done, sometime done, rare done and never
doneyRaksanum, 2012).
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Given high score if VCOs had safety behavior done,
incontrast, low score for unsafely behavior done.

(2) Interviewed vector control operators by using questionnaire

to find health symptom due to chemical occupational

exposure

-Interview and
health status
examination

-Air sampling
-Biological sampling
-Lung function test

_Qafatv hehavinr

Control group

0 1 2th

Baseline

-Interview and
health status
examination

-Air sampling
-Biological sampling
-Lung function test
-Safety behavior

(3) Pulmonary function test.

(4) Evaluation chemical exposure by sampling.

Follow-up (2 times)

38t 4t

-Chemical safety

Follow up 1

-Interview and

training health status
-Occupation examination
medicine -Safety behavior
Consultant -Biological sampling
-Air sampling
-Lung function test
16t 20t 24th 30t
A\
Follow up 1
NO
Intervention

-Interview and
health status
examination
-Safety behavior
-Biological sampling
-Air sampling

-Lung function test

Figure 3. 5Data collection schedule

Follow up 2

-BTEX personal sampling.
-Biological monitoring in urine after end of work
spraying
Intervention
0 12t 16" 20 24th 30t
o | 1
Baseline #‘\ Intervention !

-Interview and
health status
examination
--Safety behavior
-Biological sampling
-Air sampling

38t 42t

Follow up 2

-Interview and
health status
examination
--Safety behavior
-Biological sampling
-Air sampling
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3.6 Data analysis

This study used the license SPSS version 17 of Chulalongkorn university to
data analysis for answer research question as following.

3.6.1 Baseline characteristic of participants
-Descriptive statistics measures in term of mean (standard

deviation), median, range, frequency and percentage use to

analyze participants demographic and baseline outcome
variables : current exposure to diesel exhaust and cypermethrin

as measured by environmental monitoring and biological
monitoring ,current health situation among these operators, as
measured by symptom prevalence, prevalence of underlying
illnesses, and spirometric lung function

1) continuous variables : means, standard

deviation and range
2) categorical variables: frequency and

percentage
-Comparison significant differences between intervention group

and control group of general characteristics of workers is follow
1) Independent T-test to test for socio-

demographics occupational Characteristic
for mean scores for risk factors such as age,
working environment concentration, Work
year of experienceccontinuous variables)

2) Chisquare to test for accident injury
history, systematic illness, worktask

characteristics (categorical variables).

3.6.2 To answer research question.
-What is the current relationship before intervention, of the

workers' health situation with their occupational chemical exposure from spraying?
1) Multiple linear regression to analyze the .

association between the environmental
monitoring, biological monitoring, personal
and working conditions  (ndependent

variables) and workers' health (dependent
variables)
-Bivariate was tested for analysis of each

outcome in relation to each independent
variable.
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-A semi-final multiple logistic model was

constructed in each independent variable for
which p(J0.2 in bivariate analysis was used. -

-Final logistic regression models were

analyzed, including environmental
monitoring, biological monitoring factors,
and personal and working conditions for
which pJ0.2 was used in the semi-final
multiple  logistic  models.  Statistical

significance was designated at p(10.05.

-Is a chemical safety intervention, intended to reduce the
operators' spraying-related chemical exposure, followed by reduction in this

exposure?
1)

2)

Linear mixed model to test estimate the
differences for the continuous dependent
variablesioutcome) is the mean of biological

marker in urine concentration

Repeated -measures ANOVA to test
intervention program for summarize the
effect of the intervention across time

-Is the intervention followed by improvement in the operators'

health situation?

1) Generalized linear models (genlin)

2)

3)

to test estimate the differences for the
dichotomous variables (outcome) is the mean

of worker- symptom.
Repeated -measures ANOVA to test

intervention program for summarize the
effect of the intervention across time
Pair-t test will test difference of mean lung

function test: FVC,FEV:FVC /FEV; (pre and
post intervention)
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-Is a chemical safety intervention, intended to improve safety

behavior of pesticide use ?
1) Linear mixed model and repeated measure

ANOVA to test estimate the differences for

the continuous dependent variablescoutcome)

is the mean safety behavior scor



Table 3.5 Statistic analysis& reasons
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Variables

Characteristics

Type of measure Statistic use

Reason

Age
Education
Working

experience

Smoking behavior
PPE use

Duration spraying
Chemical exposure

concentration

Interval scale
Interval scale Mean, SD, range

Interval scale T-test

Nominal scale

Nominal scale frequency, percentage
Chi square

Interval scale Mean, SD, range and
T-test

Interval scale

-To describe and compare

individual variables
characteristic between

intervention and control

group

Same reason

Same reason

Outcome measure: Primary out come

Safety behavior

Biological exposure

index in urine

Symptom of

workers

Lung function test:

FVC,FEV:1 FVC
/IFEV1

Continuous Linear mixed model

with repeated-

measure ANOVA
-COVTYPE(unstructure)
Linear mixed model

Continuous and repeated measure
ANOVA

Dichotomous Generalized linear
models and repeated
measure ANOVA

Continuous Linear mixed model
and repeated
measure ANOVA

-To make a picture and

calculate intervention

effectsdE) to see overall

effectiveness and  general

idea intervention effects

-Evaluate the intervention

program which by

comparing mean pre-post

differences in outcome

between intervention and
control group across a

Follow-up time.

Same reason
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3.7 Ethical Consideration

The VCOs who participated and volunteered to this study were Informed
consent procedures for each subject by conducted and approved from the college of
Public Health Sciences, Chulalongkorn University ( COA No. 172/ 2558). Before

providing the program, the purpose, the benefits and the risks linked to this research

will be explained to all the participants.

1) The participants can be requested for any additional information and
clarification they need and invited to decide whether they want to

participate to the research or not.

2) After accepting to participate, a written informed consent was signed
before starting the intervention study.

All the data was kept confidentially except for the further health
education or implementation for vector control operators
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CHAPTER IV

RESEARCH RESULTS

A quasi-experimental study was conducted in six Bangkok administration areas

to determine the effectiveness of safety chemical program to reduce occupational
exposure, improve health and safety behavior of pesticide use over 12 months

intervention program from October 2015 to October 2016. The study populations were
Bangkok public health vector control operators. The effectiveness of the intervention

program was done by using standardize questionnaires, collected personal air and urine

sampling at baseline, first follow-up session was done in 2" March 2015 to 3" May
2015 and second follow-up session was done in 2" July 2016 to 3" October 2016. The
study results are presented in 4 parts: (1) general characteristics of participants which
consisting socio-demographic characteristics, personal factors, working condition and
environmental factors (2) situation of airborne as cypermathrin, benzene and toluene
exposure among VCOs (3) occupational risk factors associate with health workers
symptoms (4) outcomes of the effectiveness of the effectiveness of safety chemical

program.

4.1 General characteristics of participants

A total 96 vector control operators (VCOs) were participated and met inclusion

criteria, there are were 48 operators in intervention group from North Bangkok, South
Bangkok and East Bangkok and 48 operators in control group from North Klongthon,

South Klongthon and Central Bangkok. General characteristics of participants are
shown in Table 4.1 Both groups are similar socio-demographic characteristics, all

participants were male, average age of intervention group and control group were 42.1
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and 41.2 years old, respectively (p=0.74). The average work experience of operators in
intervention group and control group were 8.8 and 7.9 years, respectively (p=-0.92). There

was no significant difference in both groups. See Table 4.1

Table 4. 1 Socio-demographic characteristics at baseline compare between
intervention group and control group (Independent T-test)

Total Intervention Control group
Socio-demographic (N=96) group n=48) (nN=48) p-
Characteristics value
Mean SD Mean SD Mean SD

Age (years) 4170 1020 4210 1095 4142 951 074
Work experience 1131 835\ 21 883 1140 790 092
(years)

Table 4.2 shows results of the homogeneity of age group, education level, personal

factors and environmental, working condition factors and personal protective

equipment use. Characteristics were similar in intervention group and control group ,

most participants had age group between 31 to 40 years, most of them graduated

secondary school(p=0.050). Personal factors- number of participants who reported

smoking, drinking and preserve food consumption had no significant difference in both

group (p=0.089), (p=0.77) and (p=0.112), respectively. Working condition in term of
activity of spraying insecticide, mixing insecticide and spraying time were similar in
both groups (p=0.452). Duration sprayed insecticides not difference in intervention group
and control group (p=0.112) - they usually spray more than 3 hours per day. Most
operators are spraying at indoor area were similar in both groups, 58.3 % in intervention
group and 60.4 « in control group (p=0.835). Almost all participants reported that they
don-t use personal protective equipment during working (spraying and mixing), 81.2 %
in intervention group and 66.7 % in control group, however there were no significant
difference in both groupp=0.162).Often personal protective equipment (PPE) use, most

of operators who reported that regularly cotton mask use-72.9 « in intervention group
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62.2 %in control group, likewise regularly body clothing use 89.2 « in intervention group
66.6% in control group, It had no significant difference in both group (p-0.066) and
(p=0.568), respectively. Whereas most of operators in intervention group and control

group who reported that had never been used of chemical mask, goggle, rubber gloves
and rubber boots that were similar in both groups. Moreover, fraction of all airborne and
metabolite had no significant difference in both group at baseline, follow upl and follow

up2.



Table 4. 2 Socio-demographic characteristics at baseline compare between
intervention group and control group chi-square test)

Socio-demographic Intervention Control
characteristics group group X2df) p-value
N=48) N=48)
N(%) N(%)
Age group
<30 918.7) 8(16.6) 185@3) 0.603
>31-40 8(16.6) 1225.0)
>41.50 1429.1) 1633.3)
51>60 17354 1225.0
Education level
Primary school 9(18.7) 15312 7633 0.050
Secondary school 31645 18375)
Diploma 8 (16.6) 15(31.2)
Smoking
Don't smoke 1020.8) 18375 4831 0.089
Smoke 36(75.0) 30625
Drinking
Don-t drink 7146 8(16.7) 0.079) 0.779
Drink 41(854) 4083.3)
Preserve Food
consumption
No 31646 38(79.2) 252 0112
Yes _ 17354 10208)
Indoor spaying
\N(gs 20417, 19396) 0043 0835
Working condition 28(58.3) 29604
Spraying insecticide 1.011) 0452
I\/IIXIng/Ioadlng 40(833) 36(750)
pesticide 8(16.4) 1225.0)
Duration spraying 0.0431 0835
<3 hrsiday 1939.6) 2041.7)
>3 hrs.day 29604 2858.3)
PPE use 2.66(1) 0.162
994 16(33.3)

use
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Table 4.2 cont. Socio-demographic characteristics at baseline compare between
intervention group and control group chi-square test)

Socio- Intervention Control
demographic group group X2df P.value
characteristics (N=48) (N=48)
N(%) N(%)

Often of chemical

mask use

Never 35(729) 28(58.3) 5232 0.073
Once in a while 11229 1122.9)

Regularly 24.1) 9(18.7)

Often of cotton

mask use

Never 482 12.0y 5422 0.066
Once in a while 10208 482

Regularly 35(72.9) 43895)

Often of goggle

use 36(75.0) 3368.7) 0662 0.719
Never _ 7(145) 10208,

Once in a while 5104) 5104)

Regularly

Often wearing

Lik\),zsr gloves 37771 29(60.4) 3772 0152
Once in a while 10208 153815

Regularly 122) 483

Often wearing

,\t?:\(/aleyr clothing 14291, 10208 113 0568
Once in a while 483 6125

Regularly 3062.2) 32(66.6)

Often wearing

rubber boots 2.65(1) 0.265
Never 33(68.7) 36(75.0)

Once in a while 7(145) 918.7

Regularly 8(16.6) 36.2)




68

Table 4.2 «cont) Socio-demographic characteristics of Fraction airborne and metabolite

at baseline, follow upl and follow up 2 compare between intervention group and
control group (Independent T-test)

Socio-demographic Intervention Control
characteristics group group F p-value
(N=48) (N=48)
N(%) N(%)
Fraction of
cypermethrin/3PBA
Baseline 19.72(5.08) 187462 0.30 0335
Follow-upl 28.24(21.09 24.359.07) 309 0243
Follow-up2 1221160y 10564.14) 291 0436

Fraction of benzene/

t-MA

Baseline 10.492.26) 6.544.52) 1024 0.200
Fo||ow_up]_ 10.56(7.49) 10.164.21) 240 0.745
Follow-up2 2.900.394) 2.200.39 014 012
Fraction of toluene/

o-cresol

Baseline 152039 1630.73) 106 0.363
Follow-upl 171039 1.850.88) 293 0.336
Follow-up2 290.36) 2.200.39) 217 012

4.2 Situation of cypermathrin, benzene and toluene exposure and chemical

metabolite among Bangkok vectors control operators.

Table 4.3 shows the average level of cypermethrin from pesticide exposure
among operators was 0.91:0.38 mg/m2or 0.005-0.002 ppm and 3 phenoxy benzoic acid
(3 PBA) level which is metabolite of cypermethrin was 5.00+-2.42 ug/g creatinine.
Exposure level of benzene was 1.28+0.86 mg/m® or 0.37-0.26 ppm and trans-trans-
muconic acid (tt-MA), its metabolite of benzene in urine was 15.75+7.54 ug/g creatinine.

Working exposure level of toluene was 2.28 +0.57 mg/m?or 0.56 +0.13 ppm from diesel
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fuel mixing and o-cresol, its metabolite of toluene was 0.159+0.838 mg/ g creatinine,
respectively.

Cypermathrin is not yet established for the occupational exposure limits or

threshold limit value (TLV). Exposure level for benzene, operators were exposed

concentrations was greater than the National Institute for Occupational Safety and

Health (NIOSH) recommendation exposure levelstNIOSH RELs)Ca Time weight
average (TWA) 0.1 ppm and exposure level for toluene, operators were exposed was

less than OSHA and NIOSH occupational exposure limit, which is setting standard 100
ppm

Table 4. 3 Concentration of working chemicals and metabolites among Bangkok
vector control operators: VCOs (n=96)

Parameters Concentration Standard
Mean+SD

Chemicals exposure@irborne)
Cypermethrin 0.005-+0.002 ppm NO
Benzene 0.37:0.26 ppm NIOSH REF 0.1 ppm
Toluene 0.06+ 0.0 ppm OSHA 100 ppm
Metabolites wrine)
3 phenoxylbenzoic acid 3 PBA) 5.00:2.42 ppm NO
Trans,trans-muconic acid 15.75:7.54 ug/g creatinine ACGIH2012)500 ug/g creatinine
O-cresol 0.159:0.838 mg/g creatinine ~ ACGIH2012)0.30 mg/g creatinine

NIOSH Ref National Institute for Occupational Safety and Health (NIOSH) recommendation
ACGIG American Conference of Government Industrial Hygienist

4.3 Occupational risk factors associate with health workers symptoms
4.3.1 Occupational risk factors associate with health workers symptoms

while during working

Table 4.4 shows the results from final multiple logistic regression analysis by

enter all independent variables including environmental monitoring, biological monitoring,

personal and working condition factors while during working.
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Eye and facial irritation symptoms
Results indicated that VCOs expose to cypermethrin were 1 times more likely
to facial burning (odds ratio (OR), 1.03; 95% confidence interval (Cl) 1.0-0.05. The odds

ratio of facial burning was approximately 1.0 times greater for VCOs who found o-

cresol in urine

The odds ratio of paresthesia/ tingling or numbness was slightly significant
among operators who worked at indoor area or indoor spraying were 0.16 times (OR
0.16; CI1 0.04-0.55). In addition, operators who exposed toluene in air while spraying
were 1 times more likely to paresthesiastingling or numbness.

Operators who exposed benzene in air while spraying were 1 times more likely

to itchysscratchy or eye irritation (OR1.02; CI 1.0-1.04). The odds ratio of itchysscratchy
or eye irritation was approximately 3.0 times (OR 2.52; Cl 1.3-5.06) greater for VCOs
who found 3 PBA | in urine. Interestingly, operators who worked at indoor area were
1.5 times (OR 1.46, CI 0.52-4.67) more likely to blurred vision. In addition, operators
who exposed toluene in air while spraying were 1 times more likely to blurred vision.

Skin symptoms

No significant associations were found between operators exposed to chemicals,
biological monitoring, personal and working condition factors and skin symptoms or
rash

Muscular symptoms

Results indicated that VCOs who exposed with benzene in air while spraying
were 1 times (OR 1.0; C1 1.0-1.012) and did not use PPE regularly were 0.3 times (OR

0.3; C1 0.1-0.8) more likely to fatigue burning, respectively. No significant associations

were found between operators exposed to occupational chemicals, biological

monitoring personal and working condition factors with muscle weakness
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Digestion symptoms
Operators who exposed benzene and toluene in air while spraying were 1 times
more likely to nausea (OR 0.99; CI)0.98-1.00)and (OR 1.03; Cl 1.01-1.05), respectively.

However, it isn-t significant associations were found between operators exposed to

chemicals, biological monitoring, personal and working condition factors and vomiting

and stomach symptoms.

Neuro symptoms
Results indicated that operators who exposed to cypermathrin in air while

spraying were 1 times more likely to drowsiness (OR1.02; C1 0.99-1.03)and 1 times who
exposure to benzene and toluene more likely to dizziness (OR 0.98; CI 0.97-1.00) and
(OR 1.12; CI 1.0-1.2), respectively. Interestingly, operators who did not used PPE
regularly were 4.4 times (OR 4.39; CI 0.5-3.29) and 1.4 times for operators who don-t
use PPE more likely to dizziness and headaches, respectively. No significant

associations were found between operators exposed to chemicals, biological

monitoring, personal and working condition factors and confusion and anxiety.

Respiratory symptoms
Difficult breathing was greater among operators who reported that they could

expose chemical by spraying for long time (odds ratio (OR), 4.01 95« confidence interval
(Cl) 1.4-11.0. In addition, operators who exposed to cypermathrin while spraying were
1 times more likely to difficult breathing (odds ratio (OR), 1.03; 95« confidence interval

Ch101
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Table 4.4 Factors association with prevalence of health symptoms during working

«0dds ratio (OR, and 95« confidence interval Cl,

Table 44 Factors association with prevalence of health symptoms during working (odds ratio (OR) and 95+ confidence interval (CT))
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Table 4.4 Factors association with prevalence of health symptoms during working ((odds ratio (OR) and 95% confidence interval (CI))

Factors
Chemicals exposure Metabolite: : v
3 : P Perzonal and working condition
(Air concentration) (urine)
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- 2
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spraying 24 hours

Table 4.5 shows the results from final multiple logistic regression after
spraying 24 hours
Eye and facial irritation symptoms

Results indicated that time spraying were 0.3 times more likely to facial burning
(odds ratio (OR), 0.30; 95% confidence interval (Cl) 0.1-0.8). Moreover, operators who
worked long time spraying were odds ratio of itchy/scratchy or eye irritation was
approximately 0.4 times (OR 0.39:Cl 0.15-0.98).

Skin symptoms
No significant associations were found between operators exposed to
chemicals, biological monitoring, personal and working condition factors and skin

symptoms or rash.

Muscular symptoms
Results indicated that VCOs who exposed with toluene in air while spraying

were 1 times (OR 1.0; Cl 1-1.02) and found tt-muconic in urine were 1 time (OR 0.93;
C10.3-0.99 )more likely to fatigue ,respectively.

Digestion symptoms

No significant associations were found between operators exposed to
chemicals, biological monitoring, personal and working condition factors with nausea,
vomiting, stomachache and skin symptoms or rash

Neuro symptoms

No significant associations were found between operators exposed to
chemicals, biological monitoring, personal and working condition factors with

headaches, dizziness, drowsiness, confusion and anxiety.

Respiratory symptoms No significant associations were found between
operators exposed to chemicals, biological monitoring, personal and working

condition factors with cough, wheezing and difficult breathing
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Table 4.5 Factors association with prevalence of health symptoms after spraying 24

hours (odds ratio (OR) and 95+ confidence interval Cl)

Table 45 Factors aszociation with prevalence of health symptoms after spraying 24 hours (odds ratio (OR)

[

VAAANANAANANNY

and 95+ confidence interval (CIy
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(Air concentration, aring Perzonal and working condition
Heslth ]
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Muscle weakness

Drowsiness, dizziness, Headaches, Confusion, Angiety, Nausea, Vomiting, Stomachache, Wheezing, Cough,
Difficult Breathing E.msmmnﬁm Was no association with chemical exposure, metabolite 2bd personal aonw_um conditions at after working
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working

Health workers symptoms prevalence was very few, so researcher did
not measure this section.

4.4 Effectiveness of a Safety chemical program

This section shows effectiveness of a safety chemical program base on
evaluation in three components which consists of improvement in pesticide use safety

behaviors, reduction in the operators' spraying-related chemical exposure (metabolite),
improvement in the operators' health situation and lung function test.

4.4.1 Effectiveness of improvement chemical safety behavior

4.4.11 Overall effectiveness of intervention on improvement chemical safety behavior
score

Effectiveness of safety chemical program on improvement chemical safety
behavior was measured safety score by interviewed with questionnaire (Appendix A)

and observed working conditions after operators working in control group and

intervention group at baseline and follow up 1. General Linear Model repeated-

measures was used to assess overall effectiveness of safety chemical program on
improvement chemical safety behavior
After intervention, means safety score in the intervention group had rapidly

increased in Follow-upl (64.77)and slightly decreased in Follow-up2 (64.75), In contrast,
the control group’s measurements had slightly increased in Follow-up1(53.19) and
decreased in Follow-up2(52.0). For intervention effects, safety score in the intervention
group were increased significantly than control group by both Follow-up1(12.58) and

Follow-up2(13.75) with p < 0.001, shown in Table 4.6 and Figure 4.7
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Table 4.6 Overall effectiveness of safety chemical program on improvement
chemical safety score at baseline, follow-up 1 and follow- up2
Parameter F Hypothesis df Error df p-value

Safety score 1425 2 93 <0.001

General Linear Model repeated-measures analysis of variance (Wilks: Lambda test

from Multivariate test)

E? ........ 5379

Group

62 _*' = Control group
== = Intervention group

Estimated Marginal Means

IEFU1-1258
; IEFU2-13.75
1 P<0.001
1 -
o 5225}_-;’/’-’-%\'
51.25

T
1 F a

time

Baseline  Follow-Up 1 Follow-Up 2

Figure 4.1 Means of safety score in intervention group and control
group at Baseline, Follow-up 1, and Follow-up 2GLM,

4412 Intervention effects of chemical safety score with model for time and group

interaction

General linear mixed model to analyze effectiveness of safety chemical
program on improvement chemical safety score for the effect of time and intervention

at baseline, follow-up2 and follow-upl. Results found chemical safety score were
significant difference at both follow-up 1(p-value <0.001)and follow-up 2( p-value

<0.001), shown Table 4.7.
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Table 4. 7 Absolute magnitudes of intervention effects in chemical safety score
compare to baseline prevalence

Intervention effects

Follow-up 1 Follow-up 2
Parameter Magnitude pvalue Magnitude pvalue
©95%Cl) ©95%Cl)
Safety score +1258 <0.001 +13.75 <0.001
(11.10,14.05) (12.04,15.45)

Generalized mix model estimating equations with times and time interaction,
(Distrition=Poisson, Link = Identity)

IEFU1 =difference of mean of safety score in intervention group (baseline - follow upl)
minus difference of mean safety score in control group (baseline -follow upl)

IEFU2 =difference of mean of safety score in intervention group (baseline - follow up2)
minus difference of mean safety score in control group (baseline -follow up2)

4.4.2 Effectiveness of a safety chemical program on reducing the operators'

spraying-related chemical (metabolite) exposure.

4.3.2.1 Overall effectiveness of safety chemical program on reducing chemical
metabolite) exposure among intervention and control groups at Baseline, Follow-Up

1, and Follow-Up 2.

Urine samples were taken from operators six hours and 12 hours after shift work

that included benzene and toluene spraying. The urine samples were tested for 3-PBA
(as cypermethrin metabolite); results at Baseline, Follow-Up 1, and Follow-Up 2 are
given in Figure 4.2. These results show that the average metabolite concentration (ug/g
creatinine) in the intervention group (4.76) was lower than the control group (5.26) at
Baseline. In Follow-Up 1 (one month after intervention), after the intervention group
received a safety chemical program cintervention), means of 3-PBA concentration had

decreased to 1.33 in the intervention group, while the control group increased slightly
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(to 6.60). In Follow-Up 2, average metabolite declined again in the intervention group
(to 1.08) and decreased for the first time in the control group (to 5.56). The magnitudes
of Intervention (IE) from Baseline to Follow-Up 1 (EFU1) and from Baseline to Follow-

Up 2 (IEFU2) were -3.98 and -4.76, respectively.

3 PBA metabolite concentration at Baseline,Follow up 1 and Follow up 2

P<0.001

3.00
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r == =Control group
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o
o 500
=
=]
2
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o
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Baseline Follow Up1 Follow Up 2

Figure 4. 2 Means of 3-PBA in intervention group and control group
at Baseline, Follow Up 1, and Follow Up 2.(GLM test)

The urine measurements for tt-MA (as benzene metabolite) at Baseline, Follow-
Up 1, and Follow-Up 2 are shown in Figure 4.3. These results show that the average
metabolite concentration in the intervention group (14.75) was lower than the control
group (16.76) at Baseline. In Follow-Up 1, after operators in the intervention group
received a safety chemical program cintervention), means of tt-MA concentration had

significantly decreased to 6.85 in the intervention group, while the control group
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decreased only slightly to 14.47. However, in Follow-Up 2, average metabolite
increased moderately in the intervention group (to 9.21) but increased greatly in the
control group (to 27.31). The magnitudes of Intervention (IE) from Baseline to Follow-
Up 1 (IEFUL) and from Baseline to Follow-Up 2 (IEFU2) were -5.59 and -16.08,

respectively.

TT-MA metabolite concentration at Baseline,Follow up 1 and Follow up 2

Group
30.007
= = * Control group

= Intervention group

25,00 .
IEFU1--559 .
I[EFU2--1608
P<0001

20.004

15.007

10.00+

Concentration Means (uglg creatinine)

5.007

Baseline Follow-Up 1 Follow-Up 2

Figure 4. 3 Means of tt-MA in intervention group and control group
at Baseline, Follow Up 1, and Follow Up 2GLM test

The urine measurements of o-cresol (@s toluene metabolite) at Baseline, Follow-
Up 1, and Follow-Up 2 are shown in Figure 4.4. After intervention, the intervention
group metabolite measurements (37.42) were decreased significantly by Follow-up 1
than in the control group (172.67) and slightly increase at Follow-up 2(70.18). In
contrast, the control group’s measurements had increased at both Follow-Up 1 and

Follow-Up 2, clearly indicating that intervention methods were successful. The
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magnitude of Intervention (IE) from Baseline to Follow-Up 1 (IEFU1)and from

Baseline to Follow-Up 2 (IEFU2)was -127.66 and -122.72, respectively.

O-cresol metabolite concentration at Baseline, Follow up1 and Follow up 2

Group
™ = = Control group
200.00] i === Intervention group

150.00-7

IEFU1--127.66
IEFU2--122.72
P<0.001

100.007

Concentration Means (mglg creatinine)

50.00-7

Baseline Follow-Up1 Follow-Up 2

Figure 4.4 Means of 0-Cresol in intervention group and control group
at Baseline, Follow-Up 1 and , Follow-Up 2(GLM test)

The overall effectiveness of the intervention on reducing chemical (metabolite)
exposure was assessed using the General Linear Model of repeated-measure ANOVA.
There was a statistically significant effect in chemical exposure at p< 0.001 (Wilks
Lambda from multivariate test). The findings revealed the interaction of the groups and
time on metabolite concentration between intervention and control groups for 3-PBA

(F=1.84, p<0.001), tt-MA (F=0.705, p<0.001)and o-Cresol (F=0.651, p<0.001). There were
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statistically highly significant differences between mean metabolite concentration of 3-
PBA, tt-MA and o-Cresol by group and time of measurement as presented in Table 4.8.

Table 4. 8 Overall effectiveness cintervention effects (1E) of a safety chemical
program on reducing chemical imetabolite) exposure among intervention and
control groups at Baseline to Follow-Up 1 (EFU1, and Baseline to
Follow-Up 2(IEFU2).

IEFU1 IEFU2 F Hypothesis Error  p-value

df df
3-PBA -398 476 1840 2,000 93 <0.001
t-MA -5.59 -16.08 0.705 2.000 93 <0.001
O-Cresol -127.66 -122.72 0.651 2.000 93 0<001

General Linear Model repeated-measure ANOVA (Wilks» Lambda from multivariate test)

Note.

IEFUL1 - Difference of mean metabolite concentration in intervention group (Baseline - Follow-Up 1)
minus difference mean metabolite concentration in control group (Baseline - Follow-Up 1)

IEFU2 - Difference of mean metabolite concentration in intervention group (Baseline - Follow-Up 2)

minus difference mean metabolite concentration in control group (Baseline - Follow-Up 2)

4.4.2.2 Intervention effects of a safety chemical program on reducing chemical

(metabolite) exposure, adjusted for time and time-group interaction (continuous,.

The intervention effects of continuous dependent variables (3-PBA, tt-MA and
o-Cresol) were adjusted for time and time-group interaction using mixed models.
Intervention effected the levels of all metabolites GPBA,ttMA and o-Cresol) was

significantly decreased their presence as measured between Baseline and Follow-Up 1
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and again between Follow-Up 1 and Follow-Up 2 with p value < 0.001). See in Table

49

Table 4.9 Intervention effects of safety chemical program on reduces chemical
metabolite adjusted for time and time group interaction «continuous)
Intervention effects

Chemical Follow-Up 1 Follow-Up 2
Metabolite Magnitude P value Magnitude P value
95+ CI 95+ CI
3-PBA 476 <0.001 397 <0.001
-5.64,-389 5.08, -2.87)
TT-MA 559 <0.001 16.08 <0.001
857, -261) (-21.19, -10.97)
O-Cresol 12766 <0.001 1227 <0.001
(-164.66, -90.66) (-159.21, -86.23)

Note. Generalized estimating equations with times and time interaction (Distrition=Poisson, Link = Identity)

4.4 3 Effectiveness of improvement in the operators' health situation

during working.

4.4.3.1 Overall effectiveness of intervention on improving the operators' health.

The vector control operators’ (VCOs) health was categorized by organ system, including
skin, muscular, neurological, digestive, and respiratory. General Linear Model
repeated-measure ANOVA was used to test intervention effects. For skin systems,

results indicated that intervention effected facial burning, paresthesia, blurred vision

and itchyseye irritation in a similar pattern. Overall, there was a significant decreased in

the occurrence of all symptoms in the intervention group between Baseline and Follow-
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Up 1, and this reduction was either sustained or further reduced between Follow-Up 1
and Follow-Up 2. In contrast, the control group-s symptoms increased bewteen Baseline
and Follow-Up 2 for all system types except eye irritation, which decreased a marginal
amount. First, the results show the mean number of facial burning in the intervention
group (0.604) was lower than in the control group 0.625) at Baseline. After the
intervention program, at Follow-Up 1, mean number of facial burning in the
intervention group had greatly decreased to 0.188. The control group, in contrast
increased slightly to 0.646. Likewise, at Follow-Up 2, the mean number of facial burning
in the intervention group was unchanged from Follow-Up 1 (0.188), while the control
group had increased slightly again to 0.72, as shown in Figure 4.5@). Second, the mean
number paresthesia in the intervention group (0.208) was lower than in the control group
(0.271) at Baseline. At Follow-Up 1, the mean number of paresthesia in the intervention
group had decreased to 0.167, while the control group increased to 0.396. Similarly, the
mean number of paresthesia in the invention group at Follow-Up 2 decreased again to
0.104, but greatly increased to 0.542 in the control group, as seen in Figure 4.5(). Third,
the average incidence of blurred vision in the intervention group (0.667)was higher than
the control group (0.458) at Baseline. At Follow-Up 1, the mean number of blurred vision
symptoms in the intervention group had sharply decreased to 0.146, followed by no
change at Follow-Up 2. The control group increased slightly to 0.604 at Follow-Up 1

and decreased slightly at Follow-Up 2 (0.542), as seen in Figure 4.5). Fourth, the mean
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number of itchy eyes and other eye irritation was lower in the intervention group (0.542)
than in the control group (0.771) at Baseline. The mean number of itchy eyes and other
eye irritation in the intervention group decreased sharply to 0.208 at Follow-Up 1 and
again to 0.125 at Follow-Up 2. These results remained lower than the control group at
both Follow-Up 1 (0.750) and Follow-Up 2 (0.667), which saw a slight decrease from

Baseline. See Figure 4.5¢d).
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Figure 4.5a Means of facial burning working) in

intervention group and control group
at Baseline, Follow-Up 1 and , Follow-Up 2(GLM)

Baseline Follow-upl Follow-up2

Figure 4.5 b Means of paresthesia working, in

intervention group and control group at Baseline,
Follow-Up 1

and , Follow-Up 2GLM)
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Finally, the average number of rashiitchy skin reactions in the intervention group 0.229)
was higher than in the control group (0.146) at Baseline. At Follow-Up 1 and Follow-Up
2, this number greatly decreased to 0.062 and 0.042, respectively, in the intervention
group, remaining lower than in control group at the same time periods (0.312 and 0.333).

See Figure 45@).
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Figu re 4.5 a Means of rashitchy skin working)

in intervention group and control group
at Baseline, Follow-Up 1 and , Follow-Up 2(GLM test)

Next, the muscle system symptoms were examined. Overall, the intervention

group showed less fatigue and muscle weakness after receiving the training program,
while the control group continued to see increased symptoms at the same time of

measure. Results, shown the mean number of fatigue incidence in the intervention group
(0.601) was higher than in the control group (0.333) at Baseline. At Follow-Up 1, average
incidences of fatigue in the intervention group decreased to 0.083, which was lower than
control group, whose incidences greatly increased to 0.458. At Follow-Up 2, the mean

number of fatigue increased in both groups, though the intervention group remained

greatly decreased compared to Baseline and much lower than the control group. See
Figure 4.6@). The average muscle weakness in the intervention group (0.083) was lower

than in the control group (0.16) at Baseline. At Follow-Up 1, the mean number of muscle
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weakness in the intervention group greatly decreased to 5.2E-18, but increased slightly
in the control to 0.188E-1. By Follow-Up 2, the intervention group’s mean number of
muscle weakness again decreased slightly to 1.73E-18, while the control group had

greatly increased to 2.29E-1. See Figure 4.6(b).
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Neurological system symptoms that were studied included drowsiness,

dizziness, and headaches. First, the average incidence of drowsiness in the intervention
group (0.208) was lower than in the control group (0.26) at Baseline. At Follow-Up 1, the
mean number of drowsiness in the intervention group decreased to 0.042, lower than
control group, which increased greatly to 0.604. At Follow-Up 2, the mean number of
drowsiness in the intervention group increased slightly to 0.083, yet remained lower
than the control group, which saw another increased. See Figure 4.7@). Second, the mean
number of dizziness reported in the intervention group (6.46E-1) was lower than in the
control group (7.92E-1) at Baseline. At Follow-Up 1, average rate of dizziness in both
the intervention and control groups decreased greatly, to 2. 08E-2 and 5.62E- 1,
respectively. In Follow-Up 2, intervention and control group mean numbers decreased
slightly (3.3E-17 and 5.21E-1, respectively). This is presented in Figure 4.7(b). Third, at
Baseline, the average rate of headaches in the intervention group(0.625) were equal to
the mean number of headaches in the control group (0.625). At Follow-Up 1, intervention
group headaches decreased significantly to 0.042, much lower than control group
(0.458), although they also saw a reduction in headache incidences. At Follow-Up 2, the
control group slightly increased headache incidence to 0.521, while the intervention
group remained unchanged (0.042). See Figure 4.7(c). Fourth, the mean number of

confusion did not change for either group at any point in our study, as seen in Figure

4.7¢d). Finally, the average report of anxiety in the intervention group was equal to that

of the control group at Baseline. At Follow-Up 1, the mean number of anxiety in the
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control group went unchanged, but dropped to 0.02 at Follow-Up 2. However, the
anxiety reports dropped to 0 and stable by Follow-Up 1 and remained stable through

Follow-Up 2. See Figure 4.7@).
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For digestive systems, mean number of vomiting and stomachaches were

unchanged in both the intervention group and control group at Baseline, Follow-Up 1,
and Follow-Up 2, as seen in Figures 4.8@ and 4.8(b). However, the mean number of
nausea in the intervention group (0.479) was lower than in the control group (0.625) at
Baseline. At Follow-Up 1, there was no change in mean nausea for either group, but by
Follow-Up 2, the mean number of nausea in the intervention group decreased slightly

0.417 while the control group decreased greatly to 0.5. This is shown in Figure 4.8(c).
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GLM test)
For respiratory systems, average numbers of runny nose, sore throat, cough,

wheezing, and difficult breathing were taken for each group. First, the mean number of
runny noses in the intervention group (0.354) was lower than in the control group (0.375)
at Baseline. The mean number of runny noses in the intervention group decreased in
both Follow-Up 1 and Follow-Up 2, to 0.167 and 0.02, respectively. The control group
average increased in Follow-Up 1 0.5), then decreased in Follow-Up 2 (0.396),
remaining slightly higher than Baseline. See Figure 4.9@. Second, the mean number of
sore throats in the intervention group (146E-1) was lower than in the control group
(167E-1) at Baseline. At Follow-Up 1, the mean number of sore throats in the
intervention group decreased to 1.04xE-1, whereas the mean number of sore throats in
the control group slightly increased to 2.08E-1. At Follow-Up 2, the mean number of
sore throats in the intervention group had decreased greatly to (5.2E-18)while the control

group decreased slightly to 1.88E-1, as seen in Figure 4.9(b). Third, the mean number of
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cough reported in intervention group (0.042) was lower than in the control group (0.104)
at Baseline. At Follow-Up 1, the mean number of cough remained unchanged in both
groups. However, in Follow-Up 2, the mean number of cough increased slightly in the
intervention group (0.083)and greatly in the control group 0.292, as seen in Figure 4.9(C).
Fourth, at Baseline, the mean number of wheezing in the intervention group (0.021) was
lower than in the control group (0.083), and both groups remained unchanged at Follow-
Up 1. At Follow-Up 2, the mean number of wheezing slightly increased in the
intervention group (0.042), but greatly increased in the control group (0.271), as seen in
Figure 49@. Finally, the average number of difficult breathing reported by the
intervention group and the control group were stable across at Baseline and Follow-Up
1, though the intervention group was lower. At Follow-Up 2, the mean number of
difficult breathing greatly decreased in the intervention group to 0.188, while the control

group remained unchanged. See Figure 4.9).
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The overall effectiveness of intervention program, there were statistically highly
significant differences between mean numbers of health symptoms by organ system

among VCOs. However, there were not statistically significant differences between
mean numbers of anxiety, nausea, and sore throat. Mean numbers of confusion,

vomiting, and stomachaches exhibited no change over time, as shown in Table 4.10
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The intervention effects (IE) are expressed as magnitude of intervention effect
(IEFU). IE from Baseline to Follow-Up 1 (IEFU1)is calculated as the difference of mean
numbers of health symptoms in the intervention group (Follow-Up 1 - Baseline) minus
the difference of mean numbers of health symptoms in the control group (Follow-Up 1
- Baseline). IEFU2 is calculated as the difference of mean numbers of health symptoms
in the intervention group (Follow-Up 2 - Baseline) minus the difference of mean numbers
of health symptoms in the control group (Follow-Up 2 - Baseline). For eye, facial, and

skin systems, the intervention program improved VCO health, reducing facial burning,

paresthesia, blurred vision, rashitchy skin. For muscular systems, the intervention
reduced fatigue symptoms. For neurological systems, drowsiness and headaches were

reduced in the intervention group, Runny nose incidence was reduced in the

intervention group. Cough, wheezing, and difficult breathing only effected the
intervention group more than the control group at Follow-Up 2; IEFU2 was-0.14, -0.12,

and -0.22, respectively, as shown in Table 4.10
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Table 4.10 Overall effectiveness of safety chemical program on improvement in the
operators' health situation during working among intervention and control groups
at Baseline, Follow-Up 1 and Follow-Up 2.

Health IEFU1 IEFU2 F Hypothesit Error  p-value
symptoms df df

“Eve and facial
Facial bummg -0.43 -0.32 10.55 2 83 <0.001
Paresthesias -0.16 -0.37 17.52 2 a3 <0.001
Blurred vizion -0.66 -0.60 19.19 2 o3 <0.001
Itchy /scratchy eve -0.31 -0.32 1.76 2 83 <0.001
Skin
Rash/itchy skin -0.33 -0.37 2980 2 83 <0.001
Muscular
Fatigue -0.54 036 1351 2 o3 <0.001
Muscle weakness ¥ > 1.30 2 o3 0.27
Neuro
Drowsiness -0.52 -0.36 11.84 2 &3 <0.001
Dizzine:s . * 6.32 2 g3 0.003
Headache: 041 -047 8.60 2 83 <0.001
Confusion No chanze  No change ¢ : . .
Angisty i Y 1.50 2 a3 22
Digestion
Nausea 5 ¥ 1.093 2 o3 0.298
Vomiting No change  No change , ¢ e
Stomach ache No change  No change * ‘ - ®
Respiratory
Runny noze 031 -0.33 71.767 2 g3 <0.001
Sore throat ¢ Y 3.083 2 g3 0.051
Cough . -0.14 427 2 g3 0.041
Wheezing ¢ -0.14 6.089 2 o3 0.03
Difficult B 0.22 8.183 2 o3 0.005
breathing

Note. General Linear Model repeated-measure ANOV A (Wilks» Lambda from multivariate test)

= Model did not run due to zero prevalence in one or more groups

IEFU1 -difference of mean of symptoms prevalence in intervention group (Baseline - Follow-Up 1)
minus difference of mean in symptoms prevalence control group (Baseline -Follow-Up 1)

IEFU2 -difference of mean of symptoms prevalence in intervention group (Baseline - Follow-Up 2)

minus difference of mean symptoms prevalence s in control group (Baseline -Follow-Up 2)
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4.4.3.2 Intervention effects of dichotomous variables (health symptoms) during

work with adjusted model for time and group interaction.

Generalized estimating equations with times and time interaction,

Distrition=Poisson, Link = Identity, were used to test intervention effects of
dichotomous variables (health symptoms) during work at Baseline, Follow-Up 1, and
Follow-Up 2. For eye and facial symptoms of facial burning, paresthesia, blurred vision,
and itchyiirritated eye, the intervention significantly reduced prevalence in both Follow-
Up 1 and Follow-Up 2 with p value < 0.05. For skin symptoms of rashiitchy skin, muscle

symptoms of fatigue, and neurological symptoms of headaches and nausea symptom,

prevalence was also significantly reduced after intervention in both Follow-Up 1 and
Follow-Up 2 with p value < 0.05. For the respiratory symptom of runny nose, prevalence
was significantly reduced in both Follow-Up 1 and Follow-Up 2. Intervention effects
were not present for sore throat, wheezing, cough, and difficult breathing at Follow-Up
1. Moreover, intervention effects of wheezing and cough symptoms increased at Follow-
Up 2 when compared to the control group. However, the model did not run for the

symptoms of muscle weakness, dizziness, confusion, anxiety, vomiting, and

stomachache due to zero prevalence in one or more groups @s shown in Table 4.11.
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Table 4. 11 Absolute magnitudes of intervention effects in prevalence of health
symptoms for during work compared to Baseline prevalence

Tatervention effects
Follow-up 1 Follow-up 2
Health symptoms Magnitude p-vaiue Aagnitude p-vaiue
L (9505 CI) (95%%CT)
Eye and Facial
Facial buming -0.43 <0.001 -0.33 <0.001
(-0.63,-0.23) (0.11,-0.74)
Paresthesia -0.16 0.054 -0.37 <0.001
(-0.33.-0.003) {-0.56.-0.18)
Blurred vizion -0.67 <0.001 -0.60 <0.001
(-0.87,-0.43) {-0.11,-0.82)
Irchy/scratchy eye -0.31 <0.001 -031 0.003
(-0.49,-0.13) (-0.52.-0.0%)
Skin
Ra:h'itchy skie -0.33 <0.001 -0.37 <0.001
(-0.49,-0.17) (-0.36,-0.18)
Muscular
Fatigue -0.54 <0.001 -0.36 <0.001
(-0.74,-0.33) (-0.78,-0.18)
Muscle weaknes: : > S b
Neurological
Drowsziness -0.52 <0.001 -0.50 <0.001
(-0.72,-0.31) (-0.73.-0.26)
Headaches -0.41 <0.001 -047 <0.001
(-0.61,-0.21) (-0.71.-0.24)
Confuzion ’ ¢ ¢ *
Anxiety ¢ - - .
Digestive be - ¢ by
Nauzea b . 0.06 D2e
Vomiting {0.039,-0.033)
Stomachache ¢ - v b
Respiratory
Runny nozs -0.31 <0.001 -0.33 0.001
(-0.47,-0.14) (-0.34,-0.18)
Sore throat ’ * o *
Cough b: b2 -0.14 0.037
$ > (-0.28,-0.009)
Wheazing s * -0.12 0.043
(-0.24,-0.003)
Difficult breathing ’ ¢ 012 0.004

(-0.38.-0.0T)

Note. Generalized estimating equations with times and time interaction,(Distrition-Poisson, Link = Identity)

= Model did not run due to zero prevalence in one or more group
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4.4.3.2 Intervention effects of dichotomous variables (health symptoms) during work
with adjusted model for time and group interaction

Generalized estimating equations with times and time interaction,
Distrition=Poisson, Link = Identity, were used to test intervention effects of
dichotomous variables (health symptoms) during work at Baseline, Follow-Up 1, and
Follow-Up 2. For eye and facial symptoms of facial burning, paresthesia, blurred vision,
and itchyiirritated eye, the intervention significantly reduced prevalence in both Follow-
Up 1 and Follow-Up 2 with p value < 0.05. For skin symptoms of rashiitchy skin, muscle

symptoms of fatigue, and neurological symptoms of headaches and nausea symptom,

prevalence was also significantly reduced after intervention in both Follow-Up 1 and
Follow-Up 2 with p value < 0.05. For the respiratory symptom of runny nose, prevalence
was significantly reduced in both Follow-Up 1 and Follow-Up 2. Intervention effects
were not present for sore throat, wheezing, cough, and difficult breathing at Follow-Up
1. Moreover, intervention effects of wheezing and cough symptoms increased at Follow-
Up 2 when compared to the control group. However, the model did not run for the

symptoms of muscle weakness, dizziness, confusion, anxiety, vomiting, and

stomachache due to zero prevalence in one or more groups @s shown in Table 4.11.
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Table 4. 12 Absolute magnitudes of intervention effects in prevalence of health
symptoms for during work compared to Baseline prevalence

(-0.38.-0.0T)

Tatervention effects
Follow-up 1 Follow-up 2
Health symptoms Magnitude p-vaiue Aagnitude p-vaiue
L (9505 CI) (95%%CT)
Eye and Facial
Facial buming -0.43 <0.001 -0.33 <0.001
(-0.63,-0.23) (0.11,-0.74)
Paresthesia -0.16 0.054 -0.37 <0.001
(-0.33.-0.003) {-0.56.-0.18)
Blurred vizion -0.67 <0.001 -0.60 <0.001
(-0.87,-0.43) {-0.11,-0.82)
Irchy/scratchy eye -0.31 <0.001 -031 0.003
(-0.49,-0.13) (-0.52,-0.0%)
Skin
Ra:h'itchy skie -0.33 <0.001 -0.37 <0.001
(-0.49,-0.17) (-0.36,-0.18)
Muscular
Fatigue -0.54 <0.001 -0.36 <0.001
(-0.74,-0.33) (-0.78,-0.18)
Muscle weaknes: : > S b
Neurological
Drowsziness -0.52 <0.001 -0.50 <0.001
(-0.72,-0.31) (-0.73.-0.26)
Headaches -0.41 <0.001 -047 <0.001
(-0.61,-0.21) (-0.71.-0.24)
Confuzion ’ ¢ ¢ *
Anxiety ¢ - - .
Digestive be - ¢ by
Nauzea b . 0.06 D2e
omiting {0.039,-0.033)
Stomachache ¢ - v b
Respiratory
Runny nozs -0.31 <0.001 -0.33 0.001
(-0.47,-0.14) (-0.34,-0.18)
Sore throat ’ * o *
Cough b: b2 -0.14 0.037
$ > (-0.28,-0.009)
Wheazing s * -0.12 0.043
(-0.24,-0.003)
Difficult breathing ’ ¢ 012 0.004

Note. Generalized estimating equations with times and time interaction,(Distrition-Poisson, Link = Identity)

= Model did not run due to zero prevalence in one or more group



4.4.4 Effectiveness of improving the operators' health after working.
4.4.4.1 Overall effectiveness of intervention on improving the operators' health.

All skin system symptoms were significantly decreased in the intervention

group at both Follow-Up 1 and Follow-Up 2. The control group saw increase in all
symptom incidences over Baseline, except itchyiirritated eyes, which increased at
Follow-Up 1 and decreased to below Baseline levels at Follow-Up 2. This difference
was not statistically significant. See Figures 4.10@-4.10 (d). Results shown the mean
number of facial burning reported after working was lower in intervention group (0.229)
than control group (0.250) at Baseline. At Follow-Up 1, the mean number of facial
burning in the intervention group had decreased (0.125), and was lower than that in the
control group, which increased greatly to 0.312. At Follow-Up 2, the average number of

facial burning in the intervention group went unchanged, while the control group

reports slightly decreased, as presented in Figure 4.10@). The average reports of
paresthesia in the intervention group (0.188) was lower than in the control group (0.229)
at Baseline. The mean paresthesia reported in the intervention group decreased greatly
to 0.104 at Follow-Up 1 and 0.063 at Follow-Up 2, and remained lower than the control
group, which steadily increased (0.275 and 0.292, respectively). See Figure 4.10(b.
Average reports of blurred vision in the intervention group (0.312) were higher than in
the control group (0.229) at Baseline. The mean number of blurred vision in the
intervention group greatly decreased to 0.104 at Follow-Up 1 and 0.063 at Follow-Up 2,

dropping lower than control group, which had saw a significant steady increase in



104

occurrence at both measurements (0.345 and0.458, respectively). See Figure 4.10).
Mean number of itchy eyes and eye irritation in the intervention group (0.333) was
higher than in the control group (0.229) at Baseline. The average number of itchy eyes
and eye irritation in the intervention group greatly decreased to 0.083 at Follow-Up 1 and
0.062 at Follow-Up 2, dropping lower than control group, which decreased slightly

0.292 and 0.271, respectively). See Figure 4.10d).
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muscular system symptoms were also measured. First, the mean number of
fatigue in the intervention group (0.438) was higher than in the control group (0.312) at
Baseline. At Follow-Up 1, the mean number of fatigue decreased to 0.146 in the

intervention group, dropping lower than the control group, which increased slightly to

0.458. At Follow-Up 2, the mean number of fatigue increased slightly in the intervention
group and decreased in the control group, as presented in Figure 4.11@). Second, the
mean number of muscle weakness in the intervention group (1.67E-1)was lower than in
the control group (2.29E-1) at Baseline. At Follow-Up 1, the average number of muscle
weakness in the intervention group went unchanged, but saw a great decrease to 8 33E-
2 in the control group. In Follow-Up 2, in the intervention group, the mean number of
muscle weakness greatly increased to 2.08E-1, while the control group greatly

decreased to 1.04E-17, as shown Figure 4.11(b)
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Skin system symptoms were also measured. At Baseline, the mean number of
rash/itchy skin in the intervention group (0.208) was higher than in the control group
0.125). At Follow-Up 1, the mean number of rash/itchy skin in the intervention group
decreased greatly to 0.062, dropping below that of the control group, which had greatly
increased (0.333). At Follow-Up 2, the intervention group mean number decreased

slightly to 0.042, but the control group number remained stable. See Figure 412.a
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Neurological systems were also examined. First, the mean number of drowsiness
in the intervention group (0250E-1) was lower than in the control group (3.96E-1) at
Baseline. At Follow-Up 1, the mean number of drowsiness in both the intervention and
control groups was unchanged. At Follow-Up 2, the mean number of drowsiness
decreased greatly in the intervention group (1.91E-17) and decreased slightly in the

control group (3.64E-1), as shown in Figure 4.13@. Second, the mean number of
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dizziness in the intervention group 0.417) was higher than control group (0.376) at
Baseline. At Follow-Up 1, the mean number of dizziness in the intervention group
decrease significantly to 0.104 while remaining unchanged in the control group. In
Follow-Up 2, the mean number decreased again in the intervention group (1.73E-17)and
for the first time in the control group (0.292). See Figure 4.13b). Third, at Baseline, the
mean number of headaches in the intervention group (0.083) was lower than in the
control group (0.104). At Follow-Up 1, the mean number of headaches decreased slightly
in the intervention group to 0.062, while increasing greatly in the control group to 0.25.
At Follow-Up 2, the mean number of headaches in the intervention group decreased

once again to 0 occurrences, while the control group incidences increased greatly to

0.167, as seen Figure 4.13c). Fourth, the mean numbers of confusion and anxiety went

unchanged in both groups across all times of measure, as seen Figures 4.13(d) and
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Digestive system symptoms were also examined, including vomiting, Stomachache and

nausea. The mean number of vomiting and stomachache had no change in both groups
as shown in Figure 4.14@) and Figure 4.14(b). However, the mean number of nausea
reported in the intervention group (0.125)was higher than in the control group (0.083) at
Baseline. At Follow-Up 1, the mean number of nausea in the intervention group
decreased significantly to 0.0417, dropping below that of the control group, which
increase greatly to 0.1667. At Follow-Up 2, the mean number of nausea in the
intervention group went unchanged, while the control group decreased to 0.145, as

shown in Figure 4.14(c).



112

GEraup

===Control group
= Experimental gr

niTE-

1667,

4 01458

01X

0ie

Estimated Marginal Means

0.0417
I

Baseline  Follow-Up 1 Follow-Up 2

Figure 4.14 C Means of nausea @fter working) in
intervention group and control group
at Baseline, Follow-Up 1 and , Follow-Up 2GLM test)

For respiratory systems, mean numbers of runny nose, sore throat, cough,
wheezing, and difficult breathing followed a similar pattern, in that mean numbers of
symptoms in the intervention group dropped lower than in the control group as the

experiment was conducted. First, the mean number of runny nose in the intervention
group (0.125)was higher than the control group (0.083) at Baseline. At Follow-Up 1, the
mean number of runny nose in the intervention group decreased to 0.0417, but greatly
increased in control group to 0.1667. At Follow-Up 2, the mean number of runny nose
went unchanged in the intervention group and slightly decreased to 0.148 in the control
group, as seen in Figure 4.15@). Second, the mean number of sore throat in the
intervention group (0.25) was higher than control group (0.188) at Baseline. At Follow-
Up 1, the mean number of sore throat decreased greatly in the intervention group (0.021),

but increased slightly in the control group (0.271). In Follow-Up 2, the average number
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of sore throat slightly increased in the intervention group (0.062) and slightly decreased
in the control group (0.188), as seen in Figure 4.15(). Third, the mean number of cough
in the intervention group (0.271)was lower than in the control group (0.292) at Baseline.
At Follow-Up 1, the mean numbers of cough in both the intervention and control groups
had decreased (0.062 and 0.312, respectively). In Follow-Up 2, it decreased slightly once
again in both groups (0.042 and 0.26), as seen in Figure 4.15.). Fourth, at Baseline, the
mean number of wheezing in the intervention group (0.167)was lower than in the control
group (0.188). At Follow-Up 1, the mean number of wheezing decreased greatly in the
intervention group to 0.063, while it increased slightly in the control group (0.292). At
Follow-Up 2, the mean number of wheezing slightly decreased in both the intervention
and control groups, to 0.042 and 0.25, respectively. See Figure 4.15¢d). Finally, the mean
numbers of difficult breathing in the intervention group (0.083)and in the control group
went unchanged between Baseline and Follow-Up 1. At Follow-Up 2, the mean number
of difficult breathing in the intervention group increased significantly to 0.146, whereas

this number decreased greatly to 0.042 in the control group. See Figure 4.15@).
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There were statistically highly significant differences between mean numbers of health
symptoms by organs systems, including eye and facial irritation, skin, muscular, and

respiratory systems among VCOs. However, there was no change in runny nose,
confusion, anxiety, vomiting, and stomachaches, as shown in Table 4.11. The IE of a

safety chemical program on improving the operators' health is expressed as magnitude

of intervention effect. For eye, facial, and skin symptoms, including facial burning,
paresthesia, blurred vision, and rashyitchy skin, intervention effects at Follow-Up 1
(IEFU1) saw a reduction in mean symptoms in the intervention group greater than in the
control group. IEFU1 was -0.16, -0.12, -0.33, -0.25 and -0.35, respectively. IEFU2 was -
0.14,-0.18, -0.33, -0.25 and -0.37, respectively.

For muscular systems, the intervention group saw a greater decrease in fatigue

than in the control group; IEFU1 was -0.35 and IEFU2 was -0.35.
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For headaches, the intervention group saw a greater reduction than control

group in IEFU1 only (0.16). Sore throat, cough, wheezing, and difficult breathing also
saw greater reduction in the intervention group than in the control group; IEFU1 was -
0.31,-0.27,-0.25 and 0 and IEFU2 was -0.18, -0.22, -0.22 and -0.33, respectively. See

Table 411

4.4.4.2 Intervention effects of dichotomous variables (health symptoms) after working

with model for time and group interaction.

Generalized estimating equations with times and time interaction,

Distrition=Poisson, Link= Identity were used for differences between intervention
effects at Baseline, Follow-Up 1, and Follow-Up 2. Intervention effect had a reduced
prevalence in eye and facial systems (facial burning, paresthesia, blurred vision,
itchy/scratchy eye), skin systems (rash/itchy skiny, muscle systems (fatigue), digestive
systems (nausea), and respiratory systems (runny nose, sore throat, cough, and
wheezing) at Follow-Up 1 and Follow-Up 2 with p value < 0.05 when compared with
the control group. However, the model did not run successfully for muscle weakness,

drowsiness, headaches, confusion, anxiety, vomiting, stomachache and difficult

breathing due to zero prevalence in one or more groups, as shown in Table 4.13
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Table 4. 13 Overall effectiveness (ntervention effects) of safety chemical program on
improvement in the operators' health situation after spraying among intervention
and control groups at Baseline, Follow-Up 1 and Follow-Up 2.

Health symptoms IEFUL IEFU2 F Hypothesis df Errordf  p-value
“Eve and facial
Facial buming -0.16 -0.14 4.30 2 o3 0.016
Paresthesia -0.12 -0.18 3.44 2 o3 0.006
Blurred vizion -0.33 -0.47 14.6§ 2 o3 <0.001
Itchy/scratchy eye -0.23 -0.26 6.04 2 o3 0.003
Skin
Rashitchy skin -0.33 -0.37 7.34 2 o3 0.001
Muscular
Fatizue -0.33 -0.36 1547 2 03 <0.001
Muzcle weakness o N 532 2 03 0.006
Neurological
Drowsines: * ? 8.96 2 o3 0.004
Dizzine:s * ? 1122 2 o3 <0.001
Headaches -0.16 * 537 2 o3 0.006
Confusion No chanze No change 4 2 % .
Angisty No change No change 4 2 * .
Digestion
Nausea -0.16 -0.14 334 2 o3 0.039
Vomiting No change No change > * * ®
Stomach ache % * * 2
Respiratory No change No change
Runny noze No change No change Y * * ”
Sore throat -0.31 -0.18 927 2 o3 <0.001
Cougk -0.27 -0.22 7.88 2 03 <0.001
Wheezing -0.23 -0.22 8.28 2 03 <0.001
Difficult breathing 3 -0.33 2038 2 03 <0.001

Note. General Linear Model repeated-measure ANOVA (Wilks» Lambda from multivariate test)

=Model did not run due to zero prevalence in one or more groups

IEFU1 -difference of mean of symptoms prevalence in intervention group Baseline - Follow-Up 1)
minus difference of mean symptoms prevalence in control group (Baseline -Follow-Up 1)

IEFU2 -difference of mean of symptoms prevalence in intervention group (Baseline - Follow-Up 2)
minus difference of mean symptoms prevalence in control group (Baseline - Follow-Up 2
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Table 4. 14 Absolute magnitudes of intervention effects in prevalence of health
symptoms after working compared to Baseline prevalence

—

Intervention effect:

Follow-Up 1 Follow-Up 2
Health symptom Magnitude p-value Magnitude p-value
(95%0CT) (9595CI)
Eye and facial
Facial buming -0.16 0.003 -0.14 0.103
(-0.27,-0.05) (-0.31,0.02)
Paresthesia -0.12 0.011 -0.18 0.002
(-0.22,-0.02) (-0.30,-.07)
Bhurred vizion -0.33 <0.001 -0.47 <0.001
(-0.48,-0.18) (-0.65,-0.30)
Itchy/scratchy eye -0.25 0.002 -0.25 <0.001
(-0.40,-0.09) (-0.39,-0.10)
Skin
Rash'itchy skin -0.35 <0.001 -0.37 <0.001
(-0.53,-0.15) (-0.56,-0.18)
Muscular
Fatigue -0.35 <0.001 -0.35 <0.001
(-0.55,-0.15) (-0.56,-0.18)
Muscle weakness o » » *
Neurological systems
Drowsziness *
Dizziness >
Headaches -0.16 0.002
(-0.27.-0.05)
Confusion o » *
Anxiety * >
Digestion
Nauszea -0.16 0.009 -0.14 0.016
(-0.28,-0.42) (-0.26.-27)
Vomiting - 2 * 33
Stomach ache * . b *
Respiratory
Runny nose * . . I
Sore throat -0.31 <0.001 -0.18 <0.001
(-0.45,-0.17) (-0.29.-0.07)
Cough -0.27 <0.001 -0.22 <0.001
(-0.40,-0.13) (-0.44.-0.13)
Wheezing -0.25 <0.001 -0.22 <0.001
(-0.38,-0.11) (-0.36,-0.09)
Difficult breathing * » -0.33 <0.001
(-0.476.-0.19)

Note. Generalized estimating equations with times and time interaction, (Distrition-Poisson, Link = Identity)
* Model did not run due to zero prevalence in one or more groups
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445 Effectiveness of improving the operators' health of none working

Health workers symptoms prevalence was very few, so researcher did not

measure this section.

446 Effectiveness of improving the operators' health (lung function test).

The effectiveness of improving lung function in VCOs was measured as Forced

Vital Capacity (L) (FVC), Forced Expiratory Volume in one second (L) FEV1,
FEV1LFVC %), Maximum Mid Expiration Flow (MMEF) ), Force Expiratory Time
(FET)second), and Peak Expiratory Flow (PEF) (L/m). Lung function was assessed after
12 hours of spraying in both control and intervention groups at Baseline and Follow-Up
1 See Table 414 and Figure 146 a-146 f

Mean of FVC in the intervention group (3.804) was higher than in the control
group (3572). In Follow-Up 1, mean of FVC increased more in the intervention group
4.007) than in the control group (3.894), as shown in Figure 4.16@

Mean of FEV1 in the intervention group (3.264) was higher than in the control
group (3.048). In Follow-Up 1, mean of FEV1 increased more in the intervention group
3.43)than in the control group (3.307), as shown in Figure 4.16(b)

Mean of «FEV1/FVC, in the intervention group (85.13) was higher than in the
control group (85.03) at Baseline. In Follow-Up 1, mean of xFEV1/FVC increased in the
intervention group (85.77), with a greater than in the control group (85.61). See Figure

4.16(c)
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Mean of MMEF in the intervention group 4.22) was higher than in the control
group (3.64) at Baseline. In Follow-Up 1, mean of MMEF had slightly increased in the
intervention group 4.26) but was lower than in the control group 4.38), as shown in
Figure 4.16(d)

Mean of FET in the intervention group (6.02) was higher than in the control
group (5.93) at Baseline. In Follow-Up 1, mean of FET had increased greatly in the
intervention group (8.61), but only slightly in the control group (6.51), as shown in Figure
416

Mean of PEF in the intervention group (8.46) was higher than in the control
group (7.88) at Baseline. In Follow-Up 1, mean of FET had decreased greatly in the
intervention group (6.25), while decreasing in the control group (6.52). See Figure 4.16(f)

Table 4. 15 Intervention effect of a safety chemical program on improving lung
function at Baseline and Follow-Up 1

Baseline Follow-Up 1 Intervention effect

Parameter Control Intervention  Control  Intervention

group Group group Group Magnitude -P value

n=35) N=29) n=32) N=28)
FVCL) 3572 3.804 3.894 4007 012 0614
FEV1L) 3.048 3264 3.307 343 -0.09 0645
FEVLFVC () 85.03 8513 8561 85.77 0.06 098
MMEFL) 364 422 438 426 -0.70 0152
FETsecond) 593 6.02 651 861 201 0.087
PEFL/M) 7.88 846 6.52 495 -2.15 0.017

Note. General linear model (Wilks: Lambda test from Multivariate test)

Intervention effect - (Baseline- Follow-Up 1) intervention - = (Baseline- Follow-Up 1) control
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The General Linear Model repeated-measures was used to assess overall

effectiveness of a safety chemical program on improving lung function in VCOs as

Forced Vital Capacity (L) (FVC), Forced Expiratory Volume in one second (L) FEV1,
FEV1LFVC %), Maximum Mid Expiration Flow (MMEF,) (L), Force Expiratory Time
(FET)second), and Peak expiratory flow (PEF) (L/m). There were no significant
differences in FVC p value 0.614), FEV1 (p value 0.645), FEV1FVC p value 0.98),
MMEF p value 0.152)and FET p value 0.087) in the intervention group as compared
to the control group. However, PEF had a significant difference in the intervention

group as compared to the control group at p-value 0.017. Intervention effects for FVC,
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FEV1, FEV1FVC, MMEF, FET, and PEF were -0.12, -0.09, 0.06,-0.70, 2.01 and -2.15,
respectively. See in Tables 4.15 and 4.16.

Table 4.16 Overall effectiveness of a safety chemical program on improving lung
function at Baseline and Follow-Up 1

Parameter F Hypothesis df Error df p-value

FVCWL) 025 1 58 0614

FEV1L) 0214 1 58 0645

FEVLFVC ) 0.01 1 58 098
1 58

MMEF (%) 210 0.152
1 58

FET (second) 3.04 1 58 0.087

PEF (L/m) 6.03 0.017

Note. Repeated-measures analysis of variance (Wilks: Lambda test from Multivariate test)

General Linear Mixed Model was used to analyze the effectiveness of a safety

chemical program on improving lung function at Baseline and Follow-Up 1. Results
found FVC, FEV1, FEV1FVC, MMEF, FET, and PEF were not significantly different
at p-values 0.54, 0.58, 0.83, 0.16 and 0.10, respectively. However, PEF was significantly
different in the intervention group as compared to the control group at p-value 0.01, as

shown in Table 4.16.
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Table 4. 17 Effectiveness of a safety chemical program on improving lung function
for the interaction effect of time and intervention at Baseline and Follow-Up 1.

95+ Confidence Interval

Parameter Estimate  Std.Error df t P.value* Lower Upper
FVCWL) -0.1428 2328 58 -0613 0542 -0.6089 03232
FEV1L) -0.1104 0.2016 58 -0.548 0.586 05140 02931
58

FEV1FVCw) 04816 2.2502 0.446 0383 49810 40178
58

MMEF (%) -0.6800 04842 -1404 0.165 -1.6487 0.2886
58

FETsecond) 18515 11138 58 1.662 0.101 -0.3746 40777

PEFL/m) 21179 0.8642 2451 0.017 -3.8462 -0.38951

Note. General linear mixed model (Estimates of Fixed Effects
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CHAPTER V

CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS

The aims of this study were to determine the effectiveness (intervention effects)

of a chemical safety program on improving VCOs health in Bangkok, Thailand by

measuring 1) biological exposure indices (BEls) as 3 phenoxylbenzoic acid (3-PBA) for
cypermethrin, trans,trans-muconic acid (t-MA) for benzene, and o-Cresol for toluene,
2) respiratory symptoms (during work and after working), 3) safety behavior score
before and after intervention program among intervention and control groups ,4) lung
function test as FVC, FEV1, «FEV1FVC, MMEF, FET, and PEF.  Baseline
measurements were taken and the first follow-up session (Follow-Up 1)was performed
March 2, 2016 to May 3, 2016. The second follow-up session (Follow-Up 2) was
performed July 2, 2016 to October 3, 2016. The goal was to assess cypermathrin,

benzene, and toluene personal exposure and investigate occupational risk factors

associated with workers- health symptoms. This chapter summarizes and discusses

conclusions, clarifying reasons for study findings as well as comparing and contrasting

between other studies.
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5.1 Summary of Research Findings and Discussion

5.1.1 Airborne cypermathrin, benzene, and toluene personal working exposure and

their metabolite.

In our study, the average concentration of cypermethrin among the 96 VCOs

spraying for mosquitos was 0.005+0.002 ppm or 85 ugm>+32ug/m?. The cypermethrin
exposure sampled in this study was higher than in previous studies. International
Program for Chemical Safety(1992) conducted studies on workers from Durban, South
Africa and showed alpha-cypermethrin exposure levels of 2.8-4.9 ugm?3 Zhang, Sun,
Chen, Wu, and He (1991) reported that pesticide-spraying operators exposed to
deltamethrin had levels of 0.01-0.89 pgm?® in the breathing zone. However, most
previous studies focused on outdoor spraying activities. In this study, over half of the
VCOs (59.4%, n=57) sprayed indoors.

The findings regarding 3-PBA levels in urine, a biomarker of cypermethrin, of
500+£242 ugqg creatinine were consistent with Hardt and Angerer (2003), who
conducted among indoor pest control operators. Our finding found the benzene
concentration in the air was greater than NIOSH recommendations (NIOSH REL) of Ca
TWA 0.1 ppm. Results from this study were similar to those of Moolla, Curtis, and
Knight (2015), who indicated that benzene concentrations from diesel exceeds the
Environmental Protection Agency (EPA) inhalation standard reference concentration.
However, tt-MA as a metabolite of benzene exposure in urine was not higher than the

biological exposure indices standard of the American Conference of Government
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Industrial Hygienist (ACGIH), 2007), which recommended the biological exposure
indices standard at the end of shift to be 500 ug/g creatinine. Operators> exposure to
toluene and o-cresol was not higher than the occupational exposure limits set by the
ACGIH recommendations.

MacFarlane et al. (2007) reported that pest and vector control operators could be
exposed to various hazardous chemicals while mixing, loading, and spraying. The

findings of this study show that cypermethrin exposure was linked to facial irritation,

itchy eyes, blurred vision, drowsiness, and dizziness (p[]0.05). These findings were
consistent with Zhang et al. (1991).

This study also found that benzene exposure was associated with itchy eyes,

fatigue, and dizziness. Toluene exposure was found to be associated with facial
irritation, paresthesia, itchy eyes, blurred vision, dizziness, headaches, and nausea.
These findings were consistent with the Grasso, Sharratt, Davies, and Irvine (1984

studies, which stated that neurophysiological and psychological disorders could occur

as a result of exposure to solvents. Our results showed that 63 operators (65.3%) were not
wearing chemical masks while working.

5.1.2 Association between occupational risk factors and VCOs- health.

This study adjusted for age, smoking, drinking, processed food consumption,

time spent spraying, regular use of personal protective equipment (PPE), indoor

spraying, chemical exposure, and metabolites, and used logistic regression models to

analyze data. Results indicated that VCOs not using PPE regularly had greater adjusted
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odds ratio for facial irritation, sore throat, and fatigue than the other factors. Indoor
spraying resulted in higher probability of paresthesia, blurred vision, and headaches.
Time spent spraying resulted in the highest difficulty breathing. In addition, results
showed that 71 VCOs (74%) who did not use PPE regularly and were exposed to

cypermethrin had a higher probability of face irritation, eye irritation, difficulty

breathing, and drowsiness. Similarly with Zhang et al. (1991) found that cotton farm

workers exposed to pyrethroid could develop various health symptoms such as

facial sensations, dizziness, headache, fatigue, and nausea.

Operators who sprayed at indoor locations and were exposed to toluene were

more likely to be afflicted with paresthesia and blurred vision. This finding was similar
to van der Jagt, Tielemans, Links, Brouwer, and van Hemmen (2004), who indicated

that airplane passengers and crew often complained of eye irritation due to residual
permethrin after emulsion spraying for aircraft disinfection, as these products were

found to contain volatile organic compounds in all aerosol preparations. Our study
found that operators exposed to benzene and toluene experienced dizziness. This is
consistent with Lee, Pai, Chen, and Guo (2003), who indicated that workers with chronic
toluene exposure developed palpitations, insomnia, and dizziness with headaches. This

study also found that operators exposed to benzene while spraying experienced fatigue,

a finding consistent with Tunsaringkarn ( 2012), and Moura-Correa et al. 2014) who

indicated that workers exposed to benzene were significantly associated with symptoms

of fatigue.
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5.1.3 Effectiveness (ntervention effects) of a chemical safety program on improving

VCOs health.

96 VCOs met inclusion criteria and participated in this study. There were 48

operators in the intervention group from North Bangkok, South Bangkok, and East

Bangkok and 48 operators in the control group from North Klongthon, South

Klongthon, and Central Bangkok. Both groups were of similar socio-demographic

characteristics, thus this study did not adjust independent variables for control

confounding factors that can affect results of outcomes.  All participants were male,
and average age of the intervention group and the control group were 42.1 (10.2) and
41.2 (10.95) years old, respectively (p=0.74). Most participants in both groups graduated
secondary school (p=0.054). The average work experience of operators in intervention

and control groups were 11.21 (8.83) and 11.4 (7.90) years, respectively (p=0.92). There

were no significant differences between groups in personal factors, such as number of

participants who smoke (p=0.089), drink (p=0.77) and consumption of processed food
(p=0.112), respectively. Working conditions in terms of duration of spraying
insecticides were not different between the groups (p=0.112); they usually spray more
than 3 hours per day. Most operators were spraying in indoor areas: 58.3 % in the
intervention group and 60.4 % in the control group (p=0.835). Almost all participants
(81.2 % in the intervention group and 66.7 % in the control group) reported that they do
not use PPE while working (spraying and mixing). There was no significant difference

in PPE usage between groups (p=0.162).
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Operators in this study were older and had more average work experience than

those in the Wang et al. (2007) studies on pest control workers in Japan, where the
average age was 36.0 (11.0) years and exposure durations were 8.6 (7.7) years. In our
study found operators had sprayed more than 3 hours per day.

The intervention consisted of a chemical safety training program including 1)

meeting the environmental health staff and VCOs to explain the project, its objective,

data collection, and brainstorming to find collaboration, 2) training of basic chemical

safety, including chemical toxicity, health hazards, safe handling, mixing, and

spraying, and PPE usage 3)medical examinations, occupational health and chemical

exposure symptom information distribution, and recommendation on how to prevent

disease and symptoms 4) providing the proper PPE and fit test program practices for
chemical mask use and 5) providing a chemical safety for VCOs booklet.

The intervention program outcomes were measured three times to determine

effective, as Baseline, Follow-Up 1, and Follow-Up 2. The measuring consisted of 4
categories, including 1) safety behavior such as PPE usage, chemical safety practice
using questionnaire of 5 point Likert scale) 2) biological monitoring in urine after
spraying 3).health symptom questionnaire during and after working) and 4)the
spirometric lung function test was administered only twice, and Baseline and Follow-
Up Ll

For chemical safety score measured, after intervention program found means
safety score in the invention group were high significantly increased than the control

group at both Follow-ups, so this study can imply that intervention program had effected
to improve chemical safety behavior among VCOs. Similar Sam et al. (2008) studies

found that education program can lead to increase KPI score for safety pesticide
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handling among farmers. In addition, this study consist with Boonyakawee,
Taneepanichskul, and Chapman (2013) states that integrate intervention program with

intended to teach to workers and practice demonstrate, pesticide exposure monitoring
and continuous given safety information can significantly improve knowledge and

practices score. Several reasons this study had successes to improve chemical safety

behavior score duo to researcher was training base on practices training in field working

conditions with provide proper PEE and safety working instruction. Moreover, VCOs

were received medical occupational examination by occupation medicine with

biological monitoring.

For biological monitoring of metabolite, 3 phenoxylbenzoic acid (3-PBA) for
cypermethrin, trans,trans-muconic acidtt-MA) for benzene, and o-Cresol for toluene
were measured. Intervention effectively reduced metabolite (3-PBA, tt-MA and o-
Cresol) in the intervention group at both Follow-Up 1 and Follow-Up 2 when compared
with control group. However, intervention effects of tt-MA and o-Cresol had slight
increased at Follow-Up 2. It may be effects from chemical cartridge had low efficiency
VCOs due to humidity can cause activated carbon contained in water vapor (Nelson,
Correia, & Harder, 1976). Findings were consistent with the study done by Van et al.
(2004), which examined the effectiveness of PPE on dermal and inhalation exposure to
chlorpyrifos among pest control operators. The PPE program had significantly reduced
metabolite (TCP levels) in urine before onset of spraying activities. Keifer (2000) also

found that PPE was effective in reducing pesticide exposure among workers.
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The chemical safety program effectively reduced at during work, the prevalence

of eye and facial symptoms (facial burning, paresthesia, blurred vision, skin symptoms
(rashiitchy skin), muscular symptoms (fatigue and muscle weakness), neurological
symptoms (drowsiness and headaches), and respiratory symptoms unny nose) as
compared to the control group at Baseline, Follow-Up 1, and Follow-Up 2. However,

cough, wheezing, and difficult breathing were only affected greater in the intervention

group than the control group at Baseline to Follow-Up 2. Intervention also effectively
reduced, after work, the prevalence of eye and facial symptoms acial burning,
paresthesia, blurred vision, itchysscratchy eye), skin symptoms rashiitchy skin), muscle
symptoms (fatigue), digestive symptoms nausea), and respiratory symptoms crunny
nose, sore throat, cough, and wheezing) at both Follow-Up 1 and Follow-Up 2, with a p
value < 0.05, when compared to the control group. Intervention effectively reduced

prevalence of symptoms, particularly facial and skin and eye symptoms, because it

provided proper PPE (hats, goggles, and clothing) and training on usage to protect from
chemical exposure. However, some respiratory symptoms prevalence (cough, wheezing
and difficult breathing) was only reduced more in the intervention group than the control
group at Follow-Up 2. Most operators in the intervention group were unaccustomed to

using chemical masks or respirator, so they were uncomfortable and needed to get

acclimated to usage. This findings is similar to Ye (2003), who studied occupational

pesticide exposures and respiratory health and found that educational programs on

safety precautions, especially the proper use of PPE, were effective approaches for
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preventing respiratory symptoms and diseases related to occupational pesticide

exposures.

For lung function tests in operators found no significant difference in FVC,

FEV1,% FEV1LFVC, MMEF, and FET between in intervention and control groups at
Baseline and Follow-Up 1. Indeed, the intervention was associated with a significant
adverse effect on PEF. Therefore, the chemical safety program intervention did not
effectively improve spirometric lung function among operators. Similar results have
been studied by Bernardes, Chiavegato, de Moraes, Negreiros, and Padula (2015), who

found that lung function differences among foundry workers were not significant

between exposed and non-exposed workers, as determined using effective risk control
measures. Moreover, these findings were consistent with a study done by Thepaksorn,
Pongpanich, Siriwong, Chapman, and Taneepanichskul (2013), who measured

respiratory symptoms and patterns of pulmonary dysfunction among roofing fiber

cement workers in the south of Thailand, and found both exposed and non-exposed
workers had decreased pulmonary function. Intervention and control group had

decreased lung function after intervention because, firstly, operators in intervention and

control groups had been exposed chemicals for more than 11 years. In addition,
Thepaksorn et al. (2013) found workers that have been exposed to chemicals for an
average of only six years can develop pulmonary dysfunction. Second, Wang et al.
(2007) found a positive correlation between PPE use and reduced FEV1 values. The

World Health Organization (2007) stated that length of exposure is a factor in pulmonary
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function and gas exchange disorders. Bernardes et al. (2015) found lung function test did

not difference groups depend on age, time exposure and measure of working control

health hazard. Chemical cartridge may be low efficiency VCOs due to humidity can
cause activated carbon contains water vapor (Abiko, Furuse, & Takano, 2016).In

addition, PPE regulation cannot eliminate risk factors because workers often refuse to

use PPE (De Capitani & Algranti,2010). Finally, this study measured lung function only
to Follow-Up 1 (6 months). This is a short time to observe lung function change.
Moreover, smoking habit of participants might be affect lung function (Keman,
Willemse, Wesseling, Kusters, & Borm, 1996).

This study found that Bangkok VCOs are a vulnerable population and face

many risk factors to detrimental health symptoms. The results demonstrated that facial

irritation, blurred vision, fatigue, and nausea were significantly associated with

chemical exposure, biomarkers, the frequency of PPE use, and indoor spraying. In

particular, indoor spraying and poor use of PPE may increase risks that could lead to

health symptoms. After providing a chemical safety program, VCOs saw significant
improvements in health via reduced biomarkers in urine 3-PBA, tt-MA and o-Cresol),

improvement of health symptoms during working and after work, including reduced

prevalence of symptoms in eye and facial systems (facial burning, paresthesia, and
blurred vision), skin systems (rash/itchy skiny, neurological systems, muscular systems
(fatigue, drowsiness, and headaches) and respiratory systems (runny nose) over the

control group at Baseline, Follow-Up 1, and Follow-Up 2. However, some respiratory
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symptoms prevalence (cough, wheezing, and difficult breathing) only decreased more
in the intervention group than the control group by Follow-Up 2. This might be due to
most operators in the intervention group being unaccustomed to using chemical masks.
Moreover, Follow-upl measured in rainy seasons, operators might be get a cold. For the

chemical safety program did not effectively improve lung function tests among

operators. This might be because participants have been exposed chemicals for a long

time, leading to development of pulmonary dysfunction, low efficiency chemical
cartridges due to expose humidity while chemical spraying, or VCOs disregard of PPE

usage. Overall, the chemical safety program in this study had effectively improved

safety behavior among Bangkok VCOs.

5.2 Limitations

5.2.1 This study was conducted using a purposive sampling technique to select

participants, and therefore lacked random sampling into the intervention group and

control group. Therefore, this study cannot be used for generalization of a larger
population such as all VCOs in Thailand. It more accurately represents VCOs who have
been working only with Bangkok city or local government.

5.2.2 Cross contamination/information sharing between the intervention and

control groups was unable to be controlled, since VCOs in Bangkok are able to contact
and shared information with each other via social media, such as Facebook and other

online application. This may impact outcomes.
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523 Selfreporting could result in the inability to recall events, and
questionnaire participants could answer by over-or underestimating. These factors may
reduce the reliability of responses.

5.2.4 Time spent spraying indoors versus outdoors was not included as a factor
in this study. Operators were only asked about overall time spent spraying, which may
be a confounding factor.

5.2.5 Human error occurred by VCOs during first void urine sampling. Some

VCOs did not collect their first urine or they collected urine more than 12 hours after

chemical spraying, leading to very low findings of 3-PBA (metabolite of cypermethrin).
5.2.6 Quality control « recovery) of 3PBA analysis is only 85-106, leading to

interpreted the results 3-PBA concentration.

5.3 Recommendations

This study found that VCOs are a vulnerable population that faces many risk

factors leading to detrimental health symptoms. The results demonstrated that facial

irritation, blurred vision, fatigue, and nausea were significantly associated with

chemical exposure, biomarkers, the frequency of PPE use, and indoor spraying. In

particular, indoor spraying and poor use of PPE may increase risks that could lead to

health issue symptoms. The findings suggest that the introduction and implementation

of chemical safety programs could reduce chemical exposure and symptoms among
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VCOs. Particularly, the owner (Bangkok Metropolitan Administration, BMA) should

provide proper PPE, including chemical cartridges, goggles, ear plugs, body clothing,
rubber gloves, and rubber boots, as well as fit testing and training on using and

maintaining. PPE training for VCOs, along with improving safe and hygienic work

conditions, such as adding hazard warnings and safety signs, installing eye showers and

bathrooms, can all be beneficial. In addition, owners should provide VCOs medical

examinations by occupational health officers and biological monitoring for

occupational health surveillance. The Occupational Safety, Health and Environmental
Act, 2554 (A .D.2011) stated in Chapter 1 ASEAN-OSHNET,2017) that employers are

to provide employees safe and hygienic work conditions and environment, and

employer shall be responsible for the expenditure related to such provision. However,
in this study, VCOs were unaccustomed to using chemical mask. Thus, intervention

programming should add time to practice chemical mask usage by increasing the

percentage of PPE wearing timetime working for VCOs to become accustomed to
using PPE. Moreover, before wearing a chemical mask, VCOs should take a medical

evaluation, because chemical masks or respirators can be hazardous to operators who

have heart and lung problems.
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APPENDIX

Appendix A

Interview forms

Questionnaire of general characteristics, personal behavior, medical history,
working and exposure characteristics and health symptoms among Vector
Control Operators

Participants NO.......................... Date................... Start-End Time..............
District...............oo , Bangkok, Thailand

Introduction of the questionnaire
1. The aims of this interview, we would like to ask some information about

occupational pesticide exposure. The information you provide may help us
to prevent occupational health disease and acute symptom due to exposure
to pesticide of Vector Control Operators in Bangkok.

2. Your participation is voluntary, and you may skip any questions which you
do not want to answer.

3. The questionnaire is divided into 3 part as follows:
Part 1 General data , personal behavior, medical history
Part 2 Working and exposure characteristics
Part 3 Health symptoms

4. Please select() the answer for each question

5. «Chemical~in this study mainly focuses on pesticide and diesel fuel

Part 1: General data, personal behavior, medical history
Instruction: Please answer the questions in the space provide or choose the answer
by marking ¢ in the relevant brackets

1. Age...... Years

2. Gender ()1 Male ()2.Female

3. Weight.....kgs. Height......... cm

4. Highest Education Level
(1. Primary school () 2.Secondary school (M1-M3)
()3.Secondary school (M4-M6) ()4 Diploma

()5.Higher than bachelor ()6.0ther.................
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5. Have you ever been smoking?
()1Yes ()2.No
If <Yes».How long are you smoke............ years
How old are you smoking?............ years
Do you smoking now
If <\NO~,How old are you stop smoking .......... years
()1Yes ()2.No
8. What is cigarette number that you are smoke each day? ... sticks
. Have you ever been drinking?
() 1Yes ()2.No
If <Yes».How long are you drinking............. years
10. How old are you start drinking?............ years
11. Do you drinking now
If <\NO~,How old are you stop drinking .......... years
()1Yes ()2.No
12. What is liquor number that you are drink each day?
......... glasses other.........
13. Have a doctor told you that you have any follow illness (You can check more
answer)
() Chronic lung disease
() Emphysema
() Bronchitis
()Asthma
() Lung cancer
() Hearth disease
() Hypertension
() Diabetic
() Stroke
() Other cancer
14. Are you usually take food such as fruit juices, cake, jelly or cheese?

(HrYes ( )yNo
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Part 2 Working and exposure characteristics

15.

16.

17.

18.

19.

20.

21.

How long have you worked in Vector Control Operators......... years

Did the pesticide exposure occur while you were working?
() 1Yes ()2.No

What are you doing which most expose chemical ? (nterviewer, mark only
one from the list below .Do not read check list)

() Applying pesticide

( )y Mixing/loading pesticide

() Transport/Disposal pesticide

() Repair and maintenance pesticide equipment

()Routine work activities exposure to field residue)

()Routine indoor activities exposure to home used pesticide)

How long have you working time hour per days for pesticide spraying hr/day)

()2 hrday ()3 hrday ()4 hrday  ()Other.............

What the most type of equipments was used in vector control? (interviewer,
mark only one from the list below .Do not read check list)

()Pressurized can

()Aerosol generator

() Sprayer, backpack

() Sprayer line, hand-held

() Trigger pump,compressor air

What are active ingredient (interviewer ,find information from product
pesticide label)

Active ingredient name Percentage Poisoning attribution

Were you wearing any personal protective equipment (PPE) ?
()1Yes (H)2.No
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22. What PPE are wearing?

Type personal protective Wearing
equipment(PPE)

Yes No

1.Chemical mask

2 Filter or cotton mask

3. Rubber /chemical boots

4 Rubber /synthetic gloves

5.clothing or leather gloves

6.Chemical goggles /face shield

7.Chemically resistant clothing
(rubber apron, tyvek, rain gear )

23. How often have you wearing PPE

Type personal protective Wearing
equipmentPPE)

Regularly | Oncein Never
a while

1.Chemical mask

2 Filter or cotton mask

3. Rubber /chemical boots

4 Rubber /synthetic gloves

5.clothing or leather gloves

6.Chemical goggles /face shield

7.Chemically resistant clothing
(rubber apron, tyvek, rain gear)
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Were you using engineering control? (eg closed mixing, loading system,

exhaust ventilation)
(H)1.Yes ()2.No

Part 3 Health symptom

Do you have signssymptom?
During After Not
Sign/symptom working spraying spraying
Yes | No | Yes | No | Yes | No

1) Facial burning

2) Paresthesiastingling or
numness

3) ltchy/scratchy eye, eye
irritation
tear come down

4y Running nose

5)Sore throat

6) Rashvitchy skin

7Fatigue

8) Muscle weakness

9)Drowsiness

10)Dizziness

11)Headaches

12)Confusion

13)Anxiety/hyperactivity

14)Blurred vision

15)Nausea

16) Vomiting

17) Stomach ache

18) Wheezing

19)Cough

20)Difficult breathing




Part 4 Behavior of pesticide use

Instruction: Please tick) in the brackets. You can choose only one answer for each

item

Behaviors %
L kS
g8 |E |28 ¢
2 |2 = |8,
= |2 |E gz
< o |8 | 2|z
1. Carefully read pesticide use instructions before use
and also strictly follow the instructions
2. Chief or health staff explain chemical safety and
hazard and know health hazard
3. Use expired pesticide
4.  Open pesticide container by using your mouth
5. Blow or suck the nozzle by using your mouth
6. Mix or stir pesticide with hand without glove
7. Stop working immediately when you get wounded
during the spray of pesticide
8.  Spray pesticide in the same direction as the wind
9. Drink water or eat some food during spray pesticide
10. Take a shower immediately after spray pesticide
11. Change clothing after spray pesticide before go
home
12. Separate contaminated pesticide clothes from others
to clean
13. Wash pesticide equipment and pesticide container
14. Store pesticide in locked or safe area
15. Burn or disposal the expired or left over pesticide in

the safety area

150
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Appendix B

Lung Function Test Form

Participants NO.......................... Date.................. Start-End Time...............
District................ , Bangkok, Thailand

BEFORE STARTING THIS QUESTIONNAIRE PLEASE ASK THE
FOLLOWING
QUESTIONS

YES NO

Have you had a cigarette in the last hour?

YES NO

Have you used an inhaler (puffer) in the last hour?

FYES: DELAY LUNG FUNCTION TESTS UNTIL ONE HOUR AFTER THE

LAST
CIGARETTE OR INHALER USE (RESPONSES DO NOT HAVE TO BE

INCLUDED IN
DATA RECORDER)

NUMBER
1. How many times have you been woken at night with shortness of breath in the

last two weeks?

2. During the last two weeks, has your breathing been TICK ONE BOX ONLY
@ worse than usual?

(b) same as usual?

(¢) better than usual?
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NO YES
3. Have you had wheezing or whistling in your chest in the last 3 days?
4. Have you woken up with a feeling of tightness in your chest
in the last 3 days?
NO YES

5.Have you been woken by an attack of shortness of breath in the last 3 days?

6. Have you been woken by an attack of coughing in the last 3 days?

7.Have you had an attack of asthma in the last 3 days?

8. Have you taken any medicine including inhalers, aerosols and tablets)
for asthma in the last 3 days?

9. Have you had any symptoms of hay fever or nasal allergy in the last 3 days?
10. Have you had a respiratory infection in the last 3 weeks?

IF <YES' AND THE SUBJECT IS WILLING TO COME BACK, STOP AND MAKE A
NEW APPOINTMENT.IF NOT, PROCEDE WITH QUESTION 10.1
DAY

10.1 How many days ago did it end?

NO YES

11. Have you used an inhaler in the last 24 hours?
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IF THE SUBJECT HAS USED A BETA-2-AGOINST INHALER OR AN

ANTIMUSCARINIC
INHALERIN THELAST FOUR HOURS, CONSIDER:-

a WAITING UNTIL FOUR HOURS SINCE LAST USE HAS ELASPED
by RESCHEDULING FOR ANOTHER DAY IF THE SUBJECT IS WILLING, IF
NEITHER OF THESE IS POSSIBLE, PROCEED.

IF THE SUBJECT HAS TAKEN AN ORAL BETA-2-AGOINST, AN ORAL
THEOPHYLLINE OR AN ORAL ANTI-MUSCARINIC, CONSIDER

RESCHEDULING FOR ANOTHER DAY IF THE SUBJECT IS WILLING,
IF THIS IS NOT POSSIBLE, PROCEED.

NO YES

12 Have you had a heart attack in the last three months?

13. Are you currently taking any medicines) for your heart?

14 Are you currently taking any medicines for epilepsy?

15. Are you currently taking any medicine containing beta-blockers,
including eye-drops?

[iF -YES TO ANY QUESTIONS 13-16 MEASURE BASELINE SPIROMETRY

ONLY,
DO NOT CHALLENGE.

General Information

1 Subject's Height METRES |

2.Subject's Weight KILOGRAMS

3.Subject's Age AGE

4.Subjects sex
Male Female
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HOURS  MINUTES

5.Time of Day 24 hrs’

Spirometer

Instrument number

If additional readings are made, enter below
number 5 and delete the ones they replace. FEVitres)

FVC ditres)

100000000
2 1000000
300000000
4 10000000
S OO0 oodn

Additional observations

Peak expiratory flow

If additional readings are made, enter below
number 5 and delete the ones they replace
PEFR itres/min)

JEINIEs
00O
;00O
L0000
s ][I0

Additional observations
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APPENDIX C

BIOLOGICAL SAMPLING FORM

Analysis number........................ Project Nname...............c.cccooooooooieeeee
Name who collect sampling................................... tel o
Date of sent sampler.......... time........ Name of sent sampler.............tel............
Name who receive sample.............. Date of receive sample............... time..........
Sample | Date Time Id location | Volumenl) | Type of Parameter | Remark
No. subject sampler
Addition



APPENDIX D

Air sampling Form
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Analysis number............... Project Name. ...
Name who collect Sampling...............c..cocoooooioiiiioeeeee ) tel o
Date of sent sampler.......... time........ Name of sent sampler........................tel.............
Name who receive sample..................... Date of receive sample................ time...........
Flow Rate Total Total
Sample | Start Start End End (Liters per Length of | Volume of
Location | Date time Date Time minute) Sampling Air
Period (miny | Pumped
through
Tube
(Liters)
Sample Temp Barometric Temp End Barometric
Location Start Pressure (=) Pressure End Comments
) Start dnches)
dnches)
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APPENDIX E

INTERVENTION PLAN

TOPIC - Introduction Chemical Safety Training © hrs)

Objective :1. To explain basic safe use of chemicals at places of work

2. To present classification systems for the labeling and how the read
and use of chemical safety card.
3.To give a basic overview of toxicology and chemical hazard.
4.To give a basic chemical safe use, storage and personal hygiene.
5. To explain and demonstrate wear personal protective equipment
(PPE)

Contents - Introduction to safety in the use of chemicals spraying. 0.5 hrs)
-What is toxicology and chemical hazard? (15 hrs)
- Identification, classification and labeling of chemicals (1.0 hrs)
-Basic chemical safe use, storage and personal hygiene (1.0 hrs)
-Personal protective equipment (PPE) 2.0 hrs)

Training activities
1)The level of the course will assess in order to meet the
needs of the target group.
2) Greeting the participants and introduction himself.
3) Telling the participants about topic, objective and contents

of training course
4) Showing video about chemical exposure, hazard, health effect due to

chemical exposure.
5) Asking the participants about previous chemical exposure
experience while chemical spraying.
6) Showing and giving a book and brochures
7)Explain Introduction to chemical safety, toxicology,
Identification, classification and labeling of chemicals
8) Explain and show a basic chemical safe use, storage and
personal hygiene
9) Explain and demonstrate how wear personal protective equipment (PPE)

10) Q&A
Training media : -Power point presentation
-Video
-Booklet

-Brochures
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Assessment &Evaluation 1) The results of evaluation form

2) Observation of participants are wearing PPE.
TOPIC : Respirator Fit Test Program 6 hrs)
Objective : 1. To explain and demonstrate all parts of respirator and

maintenance
] 2. To demonstrate Respirator Fit Test technique and practice

vector
control operators about Respirator Fit Test both
positive and negative technique.

Contents ; -How to respirator maintenance and inspection? (1.5 hrs)
-What is the positive and negative fit test technique? (1.5 hrs)
-Positive and negative fit test technique practices. 3.0 hrs)

Training activities
1)The trainer explain purpose the Respirator Fit Test Program
2)The trainer motivates participant and create a proper climate- for learning by
Ask interest arousing questions.
Stimulate short discussion among learners.
Use photos or objects to develop interest.
Describe personal experiences) involving ideas or skills which will be covered
in the session.
3)The trainer explains and demonstrates all parts of respirator
and how to maintenance and respirator fit test.
4) The trainer divides participant into 5 group, the number participants in each group
is around 8-10 participants.
5) Assistant trainer demonstrates all parts of respirator
and how to maintenance and respirator fit test in each group 2-4 times.
6) Each participants practice checks parts of respirator and positive and negative fit
test for 2-4 times with assistant trainer recommends.
7) Assistant trainer evaluates every participant by asking parts of respirator and
observation positive and negative fit test.
8) Question &Answer (Q&A)

Training media : -Power point presentation
-Video
-Booklet
-Brochures



Assessment &Evaluation 1) The results of evaluation form
2) Observation of participants.

Respirator Parts
e Head harness
e Inhalationexhalation flap

e Inhalation/exhalation connectors
e Cartridges

Maintenance and Care

e After each use
o Remove cartridges
o Wash respirator with warm water and soap
o Scrub with a brush (not wire)
o Blot dry with a paper towel
o Disinfect with provided disinfection wipes
e Store in bag provided when not in use
e Do not share respirators

Positive and Negative Pressure User seal check

159

Positive and Negative Pressure User seal check are simple and quick fit test,
this method procedure are outlined in Canadian Standard Association (CSA)Z 944 4-

02 which can be performed by the workers to check respirator fit any time during a
work shift. Positive -pressure test is conducted by wearer cover the exhalation valve,

usually located on the bottom of respirator, with palm of the hand and exhaling gently.
The face piece should puff slightly away from the face without air to escape. Negative
—pressure test involves covering air inlets and then inhaling. A slight collapse of face

piece with no air leakage indicates that respirator a satisfactory fit.

Cover inlels

Cover exhalation and try to inhale

valve and try to
exhale

Positive pressure test Negative- pressure test
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